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ABSTRACT OF THE DISSERTATION
Text Adjuncts and Comprehension with University Level Second Language Readers
by
Huan Liu
Doctor of Philosophy in Education
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Professor Cindy Brantmeier, Chair

Successful reading comprehension in a second language (L2) involves the interaction of multiple
factors during the complex process of reading. For some time, researchers have been exploring
factors associated with the process of reading as well as the specific interventions and strategies
that may facilitate comprehension (Bernhardt, 2010; Brantmeier, 2005; Koda, 2005; Grabe,
2009). Based on three empirical studies, this dissertation explores the potential use of text
adjuncts, which are text-related comprehension questions designed for L2 readers to consider
and answer during the reading process, to facilitate L2 reading comprehension. The impact of
different assessment tasks used to measure comprehension is also specifically examined given
the test-method effect for L2 readers (Brantmeier, 2005; Lim, 2019; Wolf, 1993). The first study
explores the effects of different types of text adjuncts (What, Why and Example Generation) on
L2 English reading comprehension among seventy-eight Chinese university students, controlling
for first language (L1) reading ability. The second study examines the effect of a combination of
text adjuncts (What and Why) on L2 English reading comprehension among fifty-four Chinese
university students, controlling for L1 reading ability, L2 language knowledge and background

ix

knowledge. This study also includes L2 readers’ perception of text adjuncts through qualitative
analysis. The third study examines the effect of a combination of text adjuncts (What and Why)
on L2 Chinese reading comprehension among thirty-seven L2 Chinese learners at college level,
controlling for L1 reading ability and L2 language knowledge. In the three studies, the following
assessment tasks were used to measure L2 reading comprehension: free written recall, shortanswer questions, sentence completion and multiple-choice questions. Across the studies, text
adjuncts were found to facilitate L2 reading comprehension measured by short-answer questions
and sentence completion task, both of which are open-ended comprehension questions requiring
readers to coherently construct a response given certain retrieval cues. Text adjuncts, however,
did not facilitate comprehension measured by free written recall or multiple-choice questions.
Based on the findings, this dissertation discusses the complexity of L2 reading comprehension,
the potential underlying influence of text adjuncts and the cognitive complexity of different
comprehension assessment tasks. Corresponding pedagogical implications for a comprehensive
L2 reading curriculum are presented.

x

Chapter 1: Introduction
1.1 Second Language Readers
A second language (L2) usually refers to a language that is not a speakers’ native
language or mother tongue but is widely used in society for purposes such as education and
communication, for example, Spanish in the United States of America. A foreign language (FL)
also refers to a language that is not a speakers’ native language or mother tongue but is not
widely used in society, for instance, English in Japan. This distinction, therefore, results in terms
such as “second language learners”, “second language teaching/teaching”, “foreign language
learners”, and “foreign language teaching/teaching”. In pioneering language acquisition research,
however, the term “second language” has been generally used to refer to both second and foreign
language (Stern, 1983). For the sake of clarity, this dissertation operationalizes L2 learners as
those who are learning a language that is not their native, or dominant, language and L2 readers
as those who are reading and comprehending texts that are not written in their native, or
dominant, language.
The number of L2 learners has been on a rise. In higher institutions in China, English is a
compulsory course throughout the college years, with a total of 27,535,869 undergraduates and
2,639,561 post-graduates required to learn English in 2017 (Ministry of Education of the
People's Republic of China, 2017). In Europe, 35.2 % of the working-age adults between 25–64
years old reported that they learned one foreign language, 21.0 % learned two foreign languages,
and 8.4 % learned three or more foreign languages (European Union Statistics, 2018). In the
United States, a total of 1,094,792 international students are enrolled in higher institutions and
pursuing graduate, undergraduate and other associated degrees, with most nationals from nonEnglish speaking countries such as China, India, South Korea, Vietnam, and Japan (Open Door
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Report, 2018). Also, in the United States, the total foreign language enrollment in colleges and
universities in Fall 2016 reached 1,417,921, with Spanish (712,240), French (175,667), German
(80,594), Japanese (68,810), Italian (56,743) and Chinese (53,069) among the languages of the
largest enrollment (Looney & Lusin, 2018). The actual number of L2 learners, however, may go
far beyond these statistics recorded given the development of internet and technology
(Bernhardt, 2010).
Among all language skills, reading might be the most critical component and the ability
to read has both theoretical, practical and long-term values for L2 learners. As Han, Anderson
and Freeman (2009) clearly stated:
Reading plays a pivotal role in the life of L2 learners; reading is not only an important
literacy skill that must be acquired for functional purposes, but it is also a necessary (if
not sufficient) means by which learners develop a linguistic competence in an L2 (cf.
Krashen, 1993), a competence that can subserve all other communicative skills,
including, but not limited to, listening, speaking, and writing. (p. 2)
In the age of globalization, reading in L2 in its original form manifests “the desire to gain
unfiltered information in its convenience and overwhelming availability” (Bernhardt, 2010, p. 5).
Compared with translations and other adaptions, reading in the original form keeps the linguistic
and cultural components in its authenticity and decreases possible misunderstandings (Bernhardt,
2010). It expands the boundary for information retrieval and knowledge learning that can only be
accessed via one single language (Bernhardt, 2010). Reading also helps develop transcultural
competence, which is “the ability to comprehend and analyze the cultural narratives that appear
in every kind of expressive form” (Koda, 2010, p. 5). In academic contexts, L2 reading,
especially L2 English reading, is indispensable to academic success in secondary and post-
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secondary educational settings (Brantmeie, Vanderplank, & Strube, 2012; Brantmeier,
Hammadou Sullivan, & Strube, 2014; Grabe, 2014).
Compared with first language (L1) readers, L2 readers will encounter more difficulties
and challenges when trying to read for comprehension. Comprehension is “the process of
simultaneously extracting and constructing meaning through interaction and involvement with
written language” (RAND Reading Study Group Report, 2002, cited in Bernhardt, 2010, p. 7).
This is a complex process involving a variety of cognitive, linguistic, and nonlinguistic skills
(Alderson, 2000; Brantmeier, 2005; Grabe 2009; Koda, 2007; Nassaji, 2003). L2 readers,
however, have much limited or even flawed linguistic resources at their disposal while reading
for comprehension. In most cases, L2 readers, for instance, start to read L2 texts when they have
not yet developed the essential knowledge in vocabulary and grammar (Grabe, 2014; Koda,
2005). L2 readers also have limited reading experience in the target language as most reading
experience are from L2 instructional settings. Additionally, L2 readers will experience “crosslinguistic” effect because L2 reading is a “dual-language” system involving L1 reading, L2
reading and the interaction between the two (Bernhardt, 2010; Koda, 2005). L2 readers might
transfer knowledge acquired in L1 reading to L2 reading, for instance, knowledge of
morphology, word segmentation, syntactic parsing and strategy use, of which the transfer could
be either positive or negative (Koda, 2005). This “cross-linguistic” effect, however, does not
exist among L1 readers. Finally, L1 and L2 readers could be different in their general
background knowledge given the distinctions in social and cultural experiences (Brantmeier,
2005; Grabe, 2014). L2 readers, for instance, might be unfamiliar with the culture-specific topics
or the discourse structure within a certain L2 text.
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Given the above differences between L1 and L2 readers and the challenges encountered
by L2 readers, it is never an overstatement that achieving higher-level L2 reading comprehension
ability is a “long, arduous process” (Brantmeier et al., 2014). Research has delved into
techniques and strategies that can be used to facilitate L2 reading comprehension and promote
successful L2 readers. This line of research holds critical values as findings would provide
important implications for L2 reading instruction which, in general, needs to be markedly
improved (Grabe, 2014; Koda, 2005; Stoller, Anderson, Grabe, & Komiyama, 2013).
1.2 Second Language Reading Instruction
Current practices of L2 reading instruction significantly vary by teaching context,
learning culture, learning objectives, and many other factors. Most L2 reading instruction is
featured by a bottom-up approach, placing a great emphasis on the teaching of grammar and
vocabulary (Koda, 2010). In a typical L2 reading class, the teacher assigns a reading passage for
homework and asks students to learn vocabulary and grammar in advance. The teacher then
reads the passage aloud in class and explicitly teach grammar and vocabulary while reading
aloud. Students usually listen passively, with few opportunities to engage in the development of
comprehension skills (Stoller et al., 2013). College-level English reading instruction in China,
for instance, is teacher-centered with very limited student involvement in comprehension
process. English reading class primarily serves as a vehicle for acquisition of English linguistic
knowledge (Yang, 2004). Similar practices are also identified in L2 Chinese reading class in the
United States where most instructional time is dedicated to the teaching of Chinese character
decoding, translating, or writing a pinyin and/or English equivalent while reading L2 Chinese
texts (Ke & Chan, 201; Lee-Thompson, 2008).
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This bottom-up approach for reading instruction may contribute to language development
among L2 learners, but it fails to promote the development of sufficient reading comprehension
skills (Koda, 2010). It also causes problems such as low motivation in reading, inability to fix
comprehension failure, and perception of comprehension as passive learning activity (Kung,
2019; Yang, 2004). This approach has been widely adopted and is built on two assumptions that
are not empirically supported (Koda, 2010). First, as L2 readers’ linguistic knowledge develops,
L2 reading comprehension ability will simultaneously develop. Second, explicitly teaching L2
grammar and vocabulary knowledge will promote comprehension skills. With these assumptions,
comprehension instruction on making inferences, synthesizing, asking questions, or building
connections across texts is usually disregarded in L2 reading class. Teachers view
comprehension instruction as comprehension testing by giving learners a comprehension test and
then checking answers for the test (Anderson, 1999). In some cases, teachers also regard the
development of comprehension skills a passive process internalized by readers themselves that
cannot be successfully and effectively taught (Brantmeier & Vanderplank, 2008). These
practices of L2 reading instruction, unfortunately, might not help mitigate the comprehension
challenges faced by L2 readers or contribute to a more comprehensive curriculum for L2 reading
instruction.
A more comprehensive curriculum for L2 reading instruction should view L2 reading as
both a literacy skill and a language acquisition vehicle; in other words, both comprehension
instruction and linguistic knowledge instruction should be accentuated (Han et al., 2019). These
two components, instead of being viewed on two spectrums, could be well integrated in
instruction (Han et al., 2019). According to Stoller et al. (2013), a comprehensive L2 reading
instruction is built on five essentials: 1) engaging students in extensive reading practice and

5

exposure to print, 2) building student motivation in reading, 3) paying attention to skills related
to reading fluency, 4) expanding vocabulary knowledge, and 5) building comprehension skills
and strategies. Compared with a comprehensive curriculum for L2 reading instruction, it is
evident that current practices of L2 reading instruction have at least ignored one component –
comprehension instruction, including comprehension skills and strategies.
The absence of comprehension instruction could be due to, for instance, teachers’
assumptions and beliefs about L2 reading as discussed previously. It could also be resulted from
a lack of evidence-based techniques that teachers could use for comprehension instruction. In L2
reading research, empirical studies targeted on techniques or strategies to facilitate
comprehension, for instance, using graphic organizers (Jiang & Grabe, 2007), identifying text
structure (Schwartz, Mendoza, & Meyer, 2013), and self-questioning for comprehension
(McNeil, 2011) and explicit teaching of inferencing (Lee, 2013), are very limited. There needs
more research exploring potential techniques or strategies that are effective to facilitate L2
reading comprehension so that important implications could be drawn for comprehension
instruction in L2 reading class.
1.3 Overarching Research Questions
This dissertation aims to explore potential reading activities and strategies that can be
used to facilitate L2 reading comprehension and provides implications for L2 comprehension
instruction so that a more comprehensive curriculum of L2 reading instruction could be aligned,
with an ultimate goal to promote proficient, skilled and strategic L2 readers. Specifically, this
dissertation explores the technique of text adjuncts which has been found to significantly
facilitate L1 reading comprehension (Callender & McDaniel, 2007; McCrudden & Schraw,
2007; Ozgungor & Guthrie, 2004; Smith, Holliday, & Austin, 2010) but has only been examined
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in a few studies with L2 readers (Brantmeier, Callender, & McDaniel, 2011; Brantmeier,
Callender, Yu, & McDaniel, 2012; Brantmeier et al., 2014; Medina, Callender, Brantmeier &
Schultz, 2017; Callender, Medina, & Brantemier, 2013). The present studies build on this prior
research and classify text adjuncts as comprehension questioning strategies or comprehension
techniques that are text-related comprehension questions designed to push readers to consider
during the reading process. This dissertation specifically examines text adjuncts as this technique
aligns very well to Stoller et al’ (2013) proposal for L2 reading comprehension instruction. The
proposal advocates practice that direct L2 readers to synthesize, predict, hypothesize and
summarize text information through an engagement in proposing and answering text-related
questions. Text adjuncts, in this case, could be a potential. To uncover the effect of text adjuncts
on L2 reading comprehension, this dissertation examines the following overarching research
questions:
1) Do text adjuncts facilitate L2 reading comprehension?
2) Does the effect of text adjuncts vary by comprehension assessment task, L1 reading
ability, L2 language knowledge, and background knowledge?
3) How do L2 readers perceive text adjuncts as a technique for facilitating L2 reading
comprehension?
4) What are some corresponding implications for L2 reading instruction?
1.4 Dissertation Structure
This dissertation is based on three empirical research articles to help answer the
overarching research inquiry. The first article, presented in Chapter 4 entitled “Text adjuncts for
English as a second language reading comprehension: Who will benefit from what type of text
adjuncts?”, examines the effect of three types of text adjuncts on L2 English reading
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comprehension as well as the effect across comprehension assessment tasks and L1 reading
comprehension ability with Chinese learners of English at college in mainland China. The
second article, presented in Chapter 5 entitled “Does questioning strategy facilitate second
language reading comprehension? The effects of comprehension measures and insights from
reader perception”, examines the effect of using a combination of text adjuncts on L2 English
reading comprehension with Chinese learners of English at college in mainland China. This
second article also qualitatively explores L2 readers’ perception of text adjuncts as a
comprehension technique. The third article, presented in Chapter 6 entitled “Answering questions
while comprehending Chinese as a second language texts: The interplay between text adjuncts
and assessment tasks”, explores the effect of text adjuncts and the interaction between text
adjuncts and comprehension assessment tasks with L2 Chinese learners at college in the United
States. This third article, with a focus on L2 Chinese reading comprehension, expands current
research primarily focusing on alphabetical language.
In addition to the three research articles presented in Chapter 4, Chapter 5 and Chapter 6,
an introduction chapter describing the rationale of this dissertation is presented in Chapter 1
entitled Introduction. A summary of theoretical foundations and literature review that undergird
this dissertation is presented in Chapter 2 entitled Theories and Literatures. In addition, an
overview of the research methods and design of this dissertation is presented in Chapter 3
entitled Methods and Research Designs. In the end, general discussions and implications
grounded in the findings of the three research articles are presented in Chapter 7 entitled
Discussion, Implications and Conclusions.
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Chapter 2: Theories and Literatures
2.1 Second Language Reading Comprehension
Reading comprehension. The goal of reading is to comprehend. Comprehension involves
the understanding of a written text by “receiving and interpreting information encoded in
language form via the medium of print” (Urquhart & Weir, 2014, p. 22). Comprehension is
constructed through an “interaction between text and reader” (Cohen & Cowen, 2008, p. 178).
The pioneering Construction-Integration (CI) Theory (Kintsch & van Dijk, 1978) in first
language (L1) reading research describes reading comprehension as a process of constructing a
coherent text representation through two stages: construction and integration. During
construction, readers utilize their linguistic knowledge to make the text into meaningful chunks
called propositions which hold the basic element of meaning. These meaningful chunks help
understand the semantic relationships implicitly stated in the text. During integration, readers
connect the propositions in a coherent way for comprehension by associating textual knowledge
with their background knowledge (Kintsch, 1994).
Grounded in the CI Theory (Kintsch & van Dijk, 1978), second language (L2) reading
researchers have stated that comprehension fundamentally involves both lower-level and higherlevel processes (Grabe, 2009; Koda, 2005; Nassaji, 2003). Lower-level processes are related to
fluency reading, including decoding, word recognition and morphological awareness and other
linguistic knowledge which could become automatized while reading (Alderson, 2000; Grabe,
2009; Hulstijn, 2002; Koda, 2005). Lower-level processes determine whether readers could
understand the literal meaning of a written text, and this determinant role functions not only in
alphabetic reading but also syllabic reading such as Chinese (Zhang & Koda, 2012; Zhang,
Koda, Leong, & Pang, 2019). Though as a necessary condition for reading comprehension,
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lower-level processes alone could not guarantee successful comprehension (Grabe, 2009; Koda,
2005), and for some time now, Brantmeier (2003) contends that L2 reading involves more than
linguistic or language features.
Koda (2005) is one of the most widely cited theorists for the L2 reading process and
comprehension. She contends that higher-level processes are associated with text-information
construction and reader-model construction. Text-information construction is a process in which
readers analyze the semantic and pragmatic relationships within the text and then extract
important textual information in a coherent way. Koda (2005) also asserts that reader-model
construction is a process in which readers make inferences based on the information extracted.
This process is primarily supported by an integration between textual information and
background knowledge. Grabe (2009) adds that higher-level processes involve more complex
cognitive activities such as identifying semantic relationships, synthesizing textual information,
making appropriate inferences, drawing conclusions, activating background knowledge, utilizing
strategic processing and monitoring comprehension. Successful higher-level processes ultimately
determine to what extent readers understand a written text; however, efficient lower-level
processing allows readers to have enough cognitive resources for higher-level processing (Grabe,
2009; Koda, 2005).
Facilitating higher-level comprehension. Given the crucial role of higher-level
processing in successful comprehension, identifying techniques and strategies that can support
higher-level comprehension is imperative. Relevant research across both L1 and L2 reading
research has focused on potential techniques and strategies that push readers to engage in higherlevel comprehension processes such as identifying and selecting relevant information,
synthesizing textual information across different sections, integrating textual information with
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background knowledge, proposing hypothesis, and making inferences (Kendeou & van den
Broek, 2007; McNeil, 2011; Mokhtari & Reichard, 2002; Raymond, 1993; Schwartz, Mendoza,
& Meyer, 2013; Thiede & Anderson, 2003). Among all the potential techniques and strategies,
Palinscar and Brown (1984) highlighted the interaction between the reader and the text through
active engagement in proposing, considering, or answering text-related questions while reading.
There are two major types of questions: literal and inferential. Literal questions focus on
recognizing specific ideas that are explicitly stated in a text, without demanding cognitive
activities such as information integrating or synthesizing. In contrast, inferential questions tend
to elicit the skills to integrate information throughout the text and then make appropriate
inferences (Alderson, 2000; Basaraba, Yovanoff, Alonzo, & Tindal, 2013). For successful L2
reading comprehension, both literal and inferential questions are argued to be necessary for L2
readers (Li & D’angelo, 2015). Empirical studies L2 reading research with a focus on how
engagement in text-related questions while reading might facilitate higher-level comprehension,
however, is very limited.
Complexity of L2 reading comprehension. Compared with first language (L1) reading, L2
reading is much more complex and entails unique attributes. As Koda (2007) emphasizes, when
reading in L2, readers are actually engaged in L1 reading, L2 reading as well as the interaction
between the two; therefore, L2 reading is “crosslinguistic”. This “crosslinguistic” nature
accentuates the role of L1 reading ability, L2 language knowledge and the interaction between
the two in determining the success of L2 reading comprehension. The Linguistic Threshold
Hypothesis (LTH), for instance, claims that skills and resources developed for L1 reading can be
transferred to L2 reading; however, successful transfer could be affected by L2 language
proficiency (Alderson, 1984). This hypothesize has been generally supported given that research
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has found that both L2 language proficiency and L1 reading ability have significant effects on L2
reading comprehension, and that the contribution of L1 reading ability increases as L2
proficiency develops (Alderson, 1984; Bernhardt & Kamil, 1995; Brantmeier et al., 2014; Lee &
Schallert, 1997; Jeon & Yamashita, 2014). Bernhardt’ (2010) compensatory model, based on
extensive syntheses of empirical research, quantitatively illustrates the complexity of L2 reading
comprehension. According to the model, successful L2 reading comprehension is jointly affected
by three components: L1 literacy ability, L2 language knowledge and unexplained variance. L1
reading ability accounts for about 20% of the variance in L2 reading comprehension whereas L2
language knowledge (e.g., grammatical knowledge, vocabulary knowledge, the distance between
L1 and L2) accounts for about 30%. The remaining 50% of variance is left “unexplained” but
closely associated with other reader-, text-, and task-level variables such as background
knowledge, comprehension strategies, text structures, and comprehension measures or tasks. A
plethora of empirical studies (e.g., Brantmeier, 2006a, 2006b; Brantmeier, Callender, &
McDaniel, 2012; Brevik, Olsen, & Hellejiær, 2016; Bernhardt & Kamil, 1995; Jiang, 2011; Lee
& Schallert, 1997; Yamashita, 2002) have provided evidence supporting the Bernhardt’ (2011)
model, underlying the concept that reading is a not a single construct or skill which should be
assumed to be developed in a linear way. It is essentially a “multifaceted construct” intertwined
by various variables (Koda, 2007) and fundamentally affected by L1 reading ability and L2
language knowledge (Bernhardt, 2010).
2.2 Assessing Second Language Reading Comprehension
Reading comprehension as a complex construct cannot be observed or assessed in direct
ways (Pearson & Hamm, 2005). This has induced challenges and difficulties for an
understanding of true comprehension ability; therefore, designing and developing reliable and
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effective comprehension assessment is important (Snow, 2003). There are two major types of
assessment tasks: recognition tasks (e.g., multiple-choice questions, true or false) in which
readers select a correct response and construction tasks in which readers construct a response
(Alderson, 2000). Construction tasks are further specified as short constructed response (e.g.,
short-answer questions) and extended constructed response (e.g., free written recall) (Pearson &
Hamm, 2005). Research has explored two important issues regarding comprehension assessment
tasks: 1) cognitive skills to complete different assessment tasks, and 2) difficulty level (as
reflected by comprehension scores) associated with different assessment tasks. A general finding
across both L1 and L2 reading research is that cognitive skills to complete different assessment
tasks are different and readers tend to perform better in recognition tasks than in production tasks
(In’Nami & Koizumi, 2009; Kobayashi, 2002; Lim, 2019; Ozuru, Briner, Kurby, & McNamara,
2013; Pearson, Garavaglia, Lycke, Roberts, Danridge, & Hamm,1999; Rupp, Ferne, & Choi,
2006; Shohamy, 1984; Vander Beken & Brysbaert, 2018; Wolf, 1993), which results in what has
been called as the test method or test format effect (Brantmeier, 2005; Lim, 2019).
In L1 research, Ozuru et al. (2013) argued that different cognitive skills associated with
the completion of different assessment tasks could be due to the varying amount of retrieval cues
in different assessment tasks. Recognition tasks such as multiple-choice questions contain more
retrieval cues than constructed tasks such as short-answer questions. With more retrieval cues,
performance on multiple-choice questions is a reflection of “information familiarity”; with less
retrieval cues, performance on constructed tasks is a reflection of “information recollection”
(Ozuru et al., 2013). When responding to multiple-choice questions, the retrieval cues presented
in each item can automatically trigger relevant information from the text. If readers are familiar
with the retrieval cues (e.g., words or phrases embedded), they will have a better chance to find
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the correct answer. In contrast, constructed tasks require an active and controlled process of goaloriented information searching and integration, rather than the familiarity with retrieval cues as
in multiple-choice questions (McNamara & Kintsch, 1996; Ozuru et al., 2013). Using the thinkaloud protocol, Pearson et al. (1999) in L1 reading research also revealed more complex
cognitive process for constructed response. Compared with recognition tasks, constructed
responses involve skills of “multiplicity” and “intertextuality”. Multiplicity is the skill of taking
multiple perspectives from the author, the main characters and the readers themselves whereas
intertextuality is the skill of integrating information across different sections of a text (Pearson et
al., 1999). In L2 research, one pioneering study examining the differences in L2 assessment tasks
for reading was conducted by Wolf (1993). In the study, L2 readers performed differently in
three different assessment tasks including open-ended questions, cloze test, and multiple-choice
questions, of which the three tasks were designed to be equivalent in content and difficulty level.
Given the finding, Wolf (1993) highlighted the effect of assessment tasks on L2 reading
comprehension and argued that varying amount of retrieval cues in test items could have caused
the variability in comprehension measured by different tasks. Another possible reason could be
the cognitive complexity associated with different assessment tasks (e.g., constructing versus
selecting a response).
The above research has cautioned against the use of any comprehension assessment task
without taking into consideration of the nature of that task. One important takeaway is that
different comprehension assessment tasks might not be comparable given the underlying skills
needed to complete different tasks. Bernhardt (2010) and Brantmeier (2006) has consistently
argued for the use of a combination of different assessment tasks to avoid situations such as
over- or under-estimation of readers’ true comprehension ability. Comprehension tests that
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contain both quantitative (e.g., free written recall) and qualitative (e.g., multiple-choice
questions) measures would give a fuller range of insights about readers’ comprehension abilities
(Bernhardt, 2010). Alderson (2000) also noted that scores elicited from different assessment
tasks need to be interpreted with nuances:
The very act of assessing and testing will inevitably affect the reading process,
and the fact that a learner has answered a question posed by a tester incorrectly
does not necessarily mean that he or she has not understood the text in other ways
or to his or her own satisfaction (p. 120)
2.3 Text Adjuncts for Reading Comprehension
As discussed previously, engaging readers in considering or answering text-related
questions while reading deepens the interaction between the reader and the text, which ultimately
helps facilitate higher-level comprehension (e.g., Palinscar & Brown, 1984). In this regard, text
adjuncts, the primary focus of this dissertation, could be a potential technique used to aid L2
reading comprehension. Text adjuncts are text-related comprehension questions interspersed
throughout a reading passage and readers are asked to consider and answer these questions while
reading. L1 reading research has found that text adjuncts facilitate L1 reading comprehension by
helping L1 readers build a coherent situation model (e.g., Callender & McDaniel, 2007;
McCrudden & Schraw, 2007; Ozgungor & Guthrie, 2004; Smith, Holliday, & Austin, 2010).
Based on McCrudden and Schraw’s (2007) model of goal-focusing processes in L1 reading,
answering questions while reading, which is essentially a task to complete by readers, pushes
readers to allocate their cognitive resources to important information through an active cognitive
process of information searching and integration. Failure to complete this task serves as signals
informing readers of the breakdown in comprehension and push readers to modify their
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processing for comprehension based on the questions to be answered (van den Broek, Lorch,
Linderholm, & Gustafson, 2001).
Examples of text adjuncts in L1 reading research are Targeted Segment (TS) such as
What questions and Elaborative Interrogation (EI) such as Why questions and learner-generated
Examples. TS questions highlight the most important information in the text and push readers to
focus on specific concepts instead of focusing on irrelevant details (McCrudden, Magliano, &
Schraw, 2010; McCrudden & Schraw, 2007). It is believed that TS questions provide L1 readers
with “anchoring points” that can be used to construct a coherent mental representation (Callender
& McDaniel, 2007). EI questions ask readers to provide explanations or examples (McCrudden
& Schraw, 2007). It was found that EI questions had helped activate prior knowledge and engage
readers in connecting new information to prior knowledge (Hamilton, 1990; Weinstein, Madan,
& Sumeracki, 2018). EI questions also helped readers connect and synthesize information
embedded in the text (Seifert, 1993). In addition, text adjuncts were found to be more beneficial
for lower-ability readers (Callender & McDaniel, 2007) and those with less prior knowledge
(Ozgungor & Guthrie, 2004; Smith et al., 2010).
To date, research on text adjuncts with L2 readers is very limited and findings are mixed.
Table 2.1 summarizes selected studies examining the effect of text adjuncts on L2 reading
comprehension. Review of prior studies indicates that more factors involved in the complexity
and uniqueness of L2 reading might need to be considered when examining the potential of text
adjuncts for L2 reading comprehension. As discussed, L1 reading ability is a unique construct
and one of the major predictors of L2 reading comprehension. Similarly, L2 language knowledge
and its interaction with L1 reading ability is another important consideration (Bernhardt, 2010;
Koda, 2005). The complexity and uniqueness of L2 reading underscores that any investigation of
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potential comprehension techniques or strategies needs to control for the effects of L1 reading
ability, L2 language knowledge and/or the interaction between the two. This study will explore
the potential of text adjuncts for L2 reading comprehension with a careful consideration of L1
reading ability, L2 language knowledge, and the test-method effect as discussed previously.
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Table 2.1
Selected Studies on Text Adjuncts and L2 Reading Comprehension
Studies

Research Questions

Participants

Tasks

Findings

Brantmeier,

With domain specific L2 texts,

97 advanced L2

FR

Separate ANOVA analyses indicated no

Callender &

do TS and EI questions

Spanish learners at

MC

significant differences among TS, EI and

McDaniel (2011)

influence text comprehension?

college;

the control group for the FR or MC task.

L1 English
Brantmeier,

Do the effects on L2

97 advanced L2

FR

Separate MANOVAs indicated that the use

Hammadou

comprehension of TS inserted

Spanish learners at

SC

of TS did not compensate for lack of subject

Sullivan & Strube

questions vary by prior subject

college;

MC

knowledge, lower L1 comprehension or

(2014)

knowledge, L1 reading scores,

L1 English

lower L2 Spanish proficiency.

and L2 proficiency?
Callender,

1) Do TS and EI questions

96 intermediate L2

FR

Repeated measure ANOVAs indicated that

Medina, &

improve performance on L2

Spanish learner at

MC

for the MC task, there was no effect of

Brantmeier

Spanish reading

college;

condition (TS, EI, Control). For the FR task,

(2013)

comprehension?

L1 English

significant effect of condition was found,

2) Do TS and EI questions

with the control group performing

affect performance differently?

significantly better than both the EI and TS
group.
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Medina,

1) What effect do inserted

70 intermediate L2

FR

Separate MANOVAs for each passage

Callender,

adjuncts (TS and EI) have on

Spanish learners

SC

indicated no significant effect of any type of

Brantmeier &

the L2 reading comprehension?

(ages 18-22);

MC

inserted adjuncts. Regression analysis

Schultz (2017)

2) Does working memory

L1 English

indicated very weak moderate effect of

capacity related to the

working memory on inserted adjunct across

effectiveness of inserted

passages and assessment tasks.

adjuncts in L2 reading
comprehension?
Note. FR = Free Recall. SC = Sentence Completion. MC = Multiple-Choice Questions. TS = Targeted Segment. EI = Elaborative
Interrogation. L1 = First Language. L2 = Second Language. MANOVA = Multivariate analysis of variance. ANOVA = Analysis of
variance.
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Chapter 3: Method and Research Design
3.1 Participants
Participants recruited in this dissertation were either L2 English learners in a mid-size
university in mainland China or L2 Chinese language learners in a private university in the
United States. Three groups of participants were recruited for each of the three studies,
respectively. In the first study, a total of 78 participants between 17 to 27 years old (Mean =
21.05, SD = 3.00) were recruited. These participants were all from English-related majors such
as English Education, English for Business, and Translation Studies. In the second study, 56
participants between 18 to 20 years old (Mean = 18.93, SD = 0.67) were recruited and all
participants enrolled in the major of Translation Studies. Participates in both studies voluntarily
participated and received no benefits such as extra course credit or monetary compensation for
their participation. Consent forms were filled by those who agreed to participate in the study. In
the third study, a total of 37 L2 Chinese language learners aged between 18 to 24 years old
(Mean = 20.03, SD = 1.44) were recruited. 10 dollars as compensation were given to each
participant who agreed to participate in the study. Participants were from different major
backgrounds and enrolled in four levels of Chinese classes offered by the university, including
Intermediate Chinese for Heritage Speakers, Business Chinese, Third-Level Modern Chinese and
Forth-Level Modern Chinese.
3.2 Development of Instruments
This dissertation contains two major types of instruments: tests and questionnaires. Tests
are researcher-designed tests (not standardized tests) including reading comprehension tests and
linguistic knowledge tests. Specifically, this dissertation includes 1) English reading
comprehension tests, 2) Chinese reading comprehension tests, 3) English vocabulary tests, 4)
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English grammar tests, and 4) Chinse linguistic knowledge tests. Questionnaires include 1)
demographic questionnaires, and 2) learner perception questionnaires.
Test Development. This dissertation follows Bachman and Palmer’s (1996) guideline for
language test development from design, operationalization to administration. Design of the
reading comprehension tests, for instance, went through three major steps. The first step is the
selection and modification of the reading passages. An automatic text analysis tool Coh-Metrix
(3.0) (Graesser, McNamara, & Kulikowich, 2011) was used to analyze text features of the
selected passages. This procedure helps decide whether or not to include a passage based on
criteria such as vocabulary diversity, syntactic complexity, discourse cohesion and the overall
readability of the reading passages. The passages were all modified from authentic texts which
have “an authentic communicative objective” (Swaffar, 1985) and contain language used in reallife communication (Nunan, 1999, as cited in Huang, 2018). When a study included more than
one reading passage, embedded clauses and word count were also considered across passages
(Brantmeier, 2005).
Passage selection was followed by the construction of comprehension assessment tasks to
measure comprehension. Comprehension assessment tasks include free written recall tasks,
short-answer questions, sentence completion tasks and multiple-choice questions. Construction
of the comprehension questions followed Wolf’s (1993) framework and Alderson’s (2000)
proposal of techniques for reading comprehension test. Referring to both theoretical frameworks
(Alderson, 2000; Grabe, 2009; Koda, 2005) and empirical research findings (Basaraba,
Yovanoff, Alonzo, & Tindal, 2013; Gao & Rogers, 2011; Song, 2008), comprehension questions
contain two broad types of comprehension: literal and inferential questions. Literal questions
measure comprehension skills to identify and recognize specific details that are explicitly stated
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in a text whereas inferential questions primarily measure comprehension skills to identify the
semantic relationship, integrate and synthesize textual information across different sections,
make appropriate inferences, draw conclusions and summarize main ideas (Alderson, 2000l
Basaraba et al., 2013).
Following passage selection and comprehension tasks construction is the validity and
reliability testing. This step involved content experts who reviewed the reading comprehension
tests. Corresponding changes were made based on the feedback from content experts. In
addition, this step involved test piloting among small groups of participants who completed the
tests and provided feedback on relevant issues such as ambiguity in test instruction and test items
and flow and difficulty of the test. Corresponding modifications were made based on the
comments and feedback.
The design of the linguistic knowledge tests used in the dissertation was slightly different
from that of the reading comprehension tests. The linguistic knowledge tests were either adapted
from prior research such as the morphological awareness test in Ke and Koda (2017) or taken
from tests of high validity and reliability such as Nation and Beglar’s (2007) Vocabulary Size
Test that are widely used in the field of applied linguistics. For tests that were adapted from prior
research, content experts were involved to check the content reliability and small groups of
participants were invited to pilot the tests. Corresponding modifications were made based on all
the comments and feedback.
Questionnaire Development. Questionnaires are written questions or statements which
collect “information about the respondents (or 'informants') in a non-evaluative manner”
(Dornyei, 2003, p. 7). Participants are usually asked to either select an answer or construct their
own answers in a questionnaire (Brown, 2001, as cited in Dornyei, 2003). This dissertation
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contains both formats. Construction of the questionnaires follows the guidelines proposed by
Dornyei (2003). Decisions were first made on the length and the format of the questionnaire
(e.g., closed questions, open-ended questions and Likert scale), with considerations of the time
available for data collection and participants’ motivation to fill the questionnaire. Then,
questions and statements were written. Some questions and statements were modified from prior
studies such as Brantmeier’s (2005) demographic questionnaire and topic familiarity
questionnaire. The questionnaire of learner perception was created based on literatures and the
specific research questions examined in the dissertation. Drafting the questions and statements in
the questionnaires especially attended to the techniques such as using short items, choosing
words and sentences that are simple and easily understood, and avoiding negative constructions
(Dornyei, 2003). After the initial questionnaires were created, several content experts were
invited to review and provide comments. A small group of participants were also invited to pilot
the questionnaires. Corresponding modifications were made based on comments and feedback.
3.3 Experimental Designs
Experimental designs were used across the three studies included in this dissertation.
Participants were randomly assigned to either a control or a treatment group. Specifically, text
adjuncts as a comprehension technique were presented to the treatment group while reading
whereas the control group were not presented with text adjuncts. After the treatment group read
with text adjuncts and the control group read without text adjuncts, both groups completed
follow-up comprehension assessment tasks. The treatment effect was assessed by the statistical
differences between the treatment and control group. This two-group experimental design has an
advantage over the single-group design in terms of the internal validity (Hatch & Lazaraton,
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1991; Loewen & Plonsky, 2016; Mackey & Gass, 2016; Plonsky, 2017; Rogers & Révész,
2020).
In addition, extraneous variables that potentially affect the outcome variable (which is L2
reading comprehension) to change were measured and controlled for to reduce the noise when
estimating the treatment effect (Hatch & Lazaraton, 1991; Mackey & Gass, 2016; Mark &
Reichardt, 2009; Rogers & Révész, 2020). Relevant variables as indicated by literature include,
for instance, L1 literacy ability, L2 language knowledge and background knowledge, were
controlled for. Differences in these variables between the treatment and control group were
adjusted for to eliminate concerns that the treatment effect might be resulted from the initial
differences between the treatment and control group. Noteworthy, controlling for the extraneous
variables mentioned above doesn’t intend to downplay any other extraneous variables given that
L2 reading comprehension is a complex and multifaceted construct. This dissertation, however,
attempts to capture the most important factors associated with L2 reading comprehension
grounded by theories and literatures.
3.4 Quantitative Analysis: Mixed-effects Models
In language research, researchers usually have concerns with regard to the validity to
generalize research findings to a wider population of language learners, given that language
learners are essentially a heterogeneous group (Cunnings, 2012; Linck & Cunnings, 2015).
Individual differences among language learners can be found in many important aspects such as
language background, learning experience, motivation, age, and many other factors. Researchers
usually, for instance, average data across the samples to balance the effects of these individual
differences, of which the approach tends to ignore many important individual differences (Linck
& Cunnings, 2015). Additionally, variables such as materials used in language research
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significantly vary, which becomes important sources of random variation; however, this random
variation is often ignored, leading to what Clark (1973) called “the language-as-fixed-effect
fallacy”. To mitigate these concerns, language researchers have suggested the use of mixedeffects models as a tool for research designs in applied linguistics (Hatch & Lazaraton, 1991).
Mixed-effects models (or multilevel/hierarchical models), as extensions of linear
regression models, consist of both fixed effects and random effects to explain the relationship
between dependent and independent variables by accounting for the inherent clustering of data
structure (Snijders & Bosker, 2012). Fixed effects include fixed variables of primary interest
whereas random effects include variables that are not primary interest but are random selections
from a larger level (e.g., a larger population). Subject effect, for instance, is usually random
effect whereas treatment effect is usually fixed effect. Linck and Cunnings (2015) highlighted
the advantages of using mixed-effects models in applied linguistics. One advantage is that it
helps to solve the dependency problems in most of the research designs in applied linguistics, for
instance, repeated measures collected from language learners. Another big advantage is that
mixed-effects models help model the nested or crossed data structure in applied linguistics, for
instance, data where subjects and items are crossed. By modeling the nested or crossed random
effects, random variation from subjects and items can be appropriately accounted for. Other
advantages include the robustness of mixed-effects models in handling missing data and
violations of homoscedasticity and sphericity.
Given the advantages of mixed effects models, this dissertation uses mixed effects
models for quantitative data analysis. Each study in this dissertation has both between- and
within-subject designs. Across all three studies, the dependent variable is L2 reading
comprehension, which is the scores for different assessment tasks nested with each participant.
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The independent variables are assessment task, treatment condition (treatment group vs. control
group), and individual-level variables including L1 reading ability, L2 language knowledge, and
background knowledge. Assessment task is a within-subject design, treatment condition is a
between-subject design. Individual-level independent variables (L1 reading ability, L2 language
knowledge, and background knowledge) are within-subject designs and are all continuous
variables using. Random structures were tests and compared, including random intercept models
and random slop models, to best fit the random structures. All statistical analyses were conducted
using the glmer function with the logit link in the lme4 package in R statistical software (version
1.2.1335).
3.5 Qualitative Analysis: Thematic analysis
The second study in this dissertation employs a mixed-method approach. Mixed-method
approach with both quantitative and qualitative designs and analyses has been favored by
researchers in terms of its contribution in data triangulation (Mehdi Riazi & Candlin, 2014). Data
triangulation helps to explain and understand a phenomenon in depth by “seek[ing] convergence
and corroboration” between both quantitative and qualitative findings (Mehdi Riazi & Candlin,
2014). This approach has been argued to have important role in language research which usually
involves analyses of data that is “dynamic” and “nonlinear” (Larser-Freeman & Cameron, 2008).
In the second study, a concurrent mixed-method design (Creswell, Plano Clark, & Garrett, 2008)
was adopted and the quantitative and qualitative data was collected concurrently and
independently. Qualitative data collected in this study was analyzed through thematic analysis.
Thematic analysis was used given its advantages in identifying the similarities and differences
among the variations in the data (Braun & Clarke, 2006). Coding qualitative data followed the
practical phases of thematic analysis suggested by Nowell, Norris, White and Moules (2017).
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3.6 Research Ethics
The dissertation aims to explore and resolve language-related problems with human
subjects; an ethical protocol, therefore, minimizes harm to participants is essential (De Costa,
2015). De Costa (2015) has offered recommendations for such an ethnical protocol from both
macro- and micro-ethical level. At the macro-ethical level, Institutional Review Board (IRB)
plays a critical role in aligning the research with codes of conduct. Researchers also have a
central role in this alignment procedure by collaborating with IRBs to address potential cultural
differences in, for instance, international contexts (De Costa, 2015). At the micro-ethical level,
researchers take the responsibility to act ethically in all situations when interacting with
participants before, during and after data collection (De Costa, 2015; Hafernik, Messerschmitt, &
Vandrick, 2002), for instance, procedures for participant recruitment, instructions given to
participants during data collection, and communication with participants after data collection.
This dissertation has followed these recommendations at both macro- and micro-ethical level.
Before the actual data collection, research proposals were submitted to the IRB at
Washington University in St. Louis for review and approval. The first two studies of this
dissertation were conducted in a mid-sized university in China. An approval letter from the
university was first obtained and then submitted while applying for IRB approval at Washington
University in St. Louis. Given that these two studies were conducted in an international setting, a
cultural expert, who is a professor affiliated to a university in China, was invited to scrutinize the
research procedures and ensure that there was no violation to any ethnic issues in the context of
China. The third study was conducted in a language program at a private university in the United
States. Similar to the first two studies, an approval letter from the language program was first
obtained and the submitted while applying for IRB approval Washington University in St. Louis.
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Consent forms and corresponding translations as well as relevant documents were all scrutinized
to align with the IRB requirements.
Recruitment of participants started with clear explanations about the purposes of the
research, the procedures of the data collection, and the instruments that participants would need
to complete. Participants were informed that they could stop their participation any time when
needed and no risk or harm would occur. Participants in the first two studies were also informed
that there would be no benefits (e.g., monetary compensation, extra course credit) for their
participation and their participation would be completely voluntary. Participants in the third
study were informed that each of them would be compensated for ten dollars for their
participation. After this procedure of debriefing, participants who agreed to participate in the
research reviewed and signed the consent forms. While reviewing the consent forms, participants
were encouraged to ask any questions or express any concerns they might have. Participants
were also informed that all data collected would be anonymous, safely stored, and used strictly.
3.7 Summary of Research Designs
As mentioned previously, this dissertation contains three independent studies. Table 3.1
summarizes research designs and research questions for each study.
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Table 3.1
Summary of Research Designs for the Three Dissertation Studies
Studies

Research Questions

Participants

Instruments

I: Text adjuncts for

1. Is there a significant main effect of text adjuncts on 78 Chinese learners

1) English Reading

English as a second

L2 English reading comprehension, controlling for

of English from a

Comprehension Test

language reading

comprehension task type and L1 reading ability?

mid-size university

2) Chinese Reading

in China

Comprehension Test

comprehension: The effect 2. Are there significant interactions between text
of assessment tasks

adjuncts and comprehension task type or L1 reading

3) Demographic

(IRB Approval No:

ability (or both) on L2 English reading

Questionnaire

201705012)

comprehension?

II: Does questioning

1. Does the effect of the questioning strategy

54 Chinese learners

1) English Reading

strategy facilitate second

(answering a combination of what and why questions

of English from a

Comprehension Test

language (L2) reading

while reading) vary by comprehension measure

mid-size university

2) Chinese Reading

comprehension?

(Short-Answer Questions and Multiple-Choice

in mainland China

Comprehension Test

The effects of

Questions), controlling for L1 reading

3) English Vocabulary

comprehension measures

comprehension ability, L2 vocabulary size and topic

Size Test

and insights from reader

familiarity?

4) Learner Perception

perception

2. What are L2 readers’ perceptions of using the

Questionnaire

(IRB Approval No:

questioning strategy while reading?

5) Demographic

201805144)

Questionnaire
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III: Answering questions

1. Did text adjuncts facilitate L2 Chinese reading

while comprehending L2

comprehension, controlling for L1 reading ability and learners from a

Chinese texts: The

L2 Chinese morphological awareness?

private university in 2) English Reading

interplay between text

2. Did assessment tasks moderate the effect text

the United States

adjuncts and assessment

adjuncts on L2 Chinese reading comprehension,

3) Chinese Linguistic

tasks

controlling for L1 reading ability and L2 Chinese

Knowledge Task

(IRB Approval No:

morphological awareness?

4) Learner Perception

201903132)

37 L2 Chinese

1) Chinese Reading
Comprehension Test

Comprehension Test

Questionnaire
5) Demographic
Questionnaire
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Chapter 4: Text Adjuncts for English as a Second Language Reading
Comprehension: Who Will Benefit from What Type of Text Adjuncts?
4.1 Introduction
The ability to read is essential for learners of English as a second/foreign language
(L2/FL). It is fundamental to language development and supports other language skills such as
listening, speaking, and writing (Han, Anderson, & Freeman, 2012). Reading comprehension is
key for information retrieval and knowledge learning (Alderson, 2000; Bernhardt, 2010),
particularly in the context of English for academic purposes where non-native English speakers
will ultimately experience transition from “learning to read” to “reading to learn” (Grabe &
Stoller, 2011). It is also an essential academic skill given the surge of English‐medium
instruction in higher education in non-native English-speaking countries (Taguchi, 2014).
Reading comprehension, however, has been a challenge for many college-level learners of
English; it is important to specify skills essential for reading comprehension and explore
techniques, strategies or activities that can support reading comprehension (Grabe, 2009). Text
adjuncts, in which text-related questions are inserted throughout a reading passage and readers
are asked to answer these questions while reading, have received special attention in first
language (L1) reading research given its facilitative effect identified by a number of empirical
studies (Callender & McDaniel, 2007; McCrudden & Schraw, 2007; Ozgungor & Guthrie;
2004). Related studies with a focus on second/foreign language reading comprehension are,
unfortunately, very limited. This study aims to explores the potential to use text adjuncts to
facilitate reading comprehension among learners of English at college level.
4.2 Literature Review
4.2.1 Skills for Successful Reading Comprehension
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Reading is “the process of receiving and interpreting information encoded in language
form via the medium of print” and reading comprehension is the outcome of how well readers
understand the textual information, either implicitly or explicitly stated (Urquhart & Weir, 2014,
p. 22). Successful comprehension requires various linguistic and cognitive skills (Nassaji, 2003).
It is supported by both lower-level skills (e.g., phonological awareness, syntactic parsing, word
recognition, vocabulary knowledge) and higher-level skills (e.g., building coherent mental
representations of text through cognitively complex activities such as identifying semantic
relationships, synthesizing information, drawing inferences, activating background knowledge
and utilizing appropriate strategies) (Alderson, 2000; Grabe, 2009; Koda, 2005). Though lowerlevel skills are the necessary condition for higher-level processing, higher-level skills facilitate
comprehension process from conceptual and global levels which ultimately determines to what
extent a reader comprehends a written text (Cain, Oakhill, & Bryant, 2004; Grabe, 2009; Koda,
2005). Similarly, Koda’s (2005) framework of reading argues that reading consists three major
processes, including decoding, text information processing, and situation model building.
Meanwhile, successful comprehension only “occurs when the reader extracts and integrates
information from the text and combines it with what is already known” (Koda, 2005, p. 4), which
emphasizes the role of higher-level processing skills in comprehension.
The importance of higher-level skills to reading comprehension has driven research
examining techniques and strategies that can be used to facilitate higher-level processing, for
instance, using graphic organizers (Jiang & Grabe, 2007), identifying text structure (Raymond,
1993; Schwartz, Mendoza, & Meyer, 2013), summarizing main ideas (Thiede & Anderson,
2003), self-questioning for comprehension monitoring (McNeil, 2011), using pre-reading
activities to activate background knowledge (Ajideh, 2003), and explicitly teaching the skill of
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making inferences (Lee, 2013). This line of research has provided important implications (e.g.,
comprehension strategy training) for L2/FL reading instruction. This study expands this line of
research and examines the potential to use text adjuncts to facilitate higher-level processing for
reading comprehension with L2/FL readers.
4.2.2 Complexity of L2/FL Reading Comprehension
There are multitudes of reader-level, text-level, and task-level variables that could impact
L2 reading comprehension (Alderson, 2000; Bernhardt, 2010; Brantmeier, 2005; Koda, 2005).
At the reader level, variables such as L1 literacy ability, L2 proficiency, background knowledge,
reading motivation, working memory and many other individual-level differences all have been
found to be associated with the success of L2 reading comprehension (Alptekin & Ercetin, 2009;
2011; Bernhardt, 2010; Brantmeier, 2005; Koda, 2005; Nassaji, 2002; Sagarra, 2017; Walter,
2004). Among these variables, L1 reading ability is a unique construct (Bernhardt, 2010; Koda,
2005). Bernhardt’s (2010) Compensatory Model of L2 Reading has shown that L1 reading
ability explains about 20% of the variance in L2 reading comprehension. Empirical studies also
confirmed the close relationship between L1 and L2 reading, though there were slight variations
depending on L1-L2 language distance and L2 proficiency level (Bernhardt & Kamil, 1995; Jeon
& Yamashita, 2014; Jiang, 2011; Lee & Schallert, 1997; Pichette, Segalowitz, & Connors, 2003).
Given the close relationship between L1 and L2 reading, research exploring the success of L2
reading comprehension should fundamentally consider the effect of L1 reading ability (Koda,
2005).
At the text level, text type, text genre and text content could affect the ways readers
process texts (Allen, Bernhardt, Berry, & Demel, 1988; Bernhardt, 2010; Brantmeier, 2005;
Koda, 2005). Narrative and expository texts, for instance, are different in syntactic complexity,
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text structure, and text coherence. L2 readers have been found to perform differently when
comprehending the same text content but presented in different rhetorical structures (Alderson,
2000; Carrell, 1981). It has also been acknowledged that, among all text types, expository texts
often “engages readers with examples, facts, details and graphics”, which can overwhelm readers
with information overload (Grabe, 2009, p. 250). To successfully comprehend this text type,
readers need to understand its genre pattern and discourse structure (Grabe, 2009; Koda, 2005).
At the task level, comprehension assessment tasks varying in response format have been
found to affect the outcome of L2 reading comprehension (Brantmeier, 2005; In’Nami &
Koizumi, 2009; Kobayashi, 2002; Lim, 2019; Rupp, Ferne, & Choi, 2006; Vander Beken &
Brysbaert, 2018; Wolf, 1993). There are two major types of comprehension assessment tasks: 1)
production tasks such as free recall, sentence completion and 2) recognition tasks such as
multiple-choice questions and True or False questions (Alderson, 2000). Production tasks ask
readers to generate their own response whereas recognition tasks emphasize the recognition of
correct answers and the inhibition of incorrect answers (Lim, 2019). Ozuru, Briner, Kurby, &
McNamara (2013) argued that multiple-choice questions which have more retrieval cues usually
measure “information familiarity” whereas production tasks which have limited retrieval cues
usually measure “information recollection” (p. 2). Such differences, therefore, are believed to
measure different comprehension skills; completing these two tasks are also believed to require
different cognitive abilities (Brantmeier, 2005; Lim, 2019; Ozuru et al., 2013). Comprehension
scores elicited from different tasks need to be interpreted with nuances to avoid any over- or
under-estimation of comprehension ability (Alderson, 2000). Including a combination of
different task types in a reading comprehension test has been argued for in order to capture a
fuller range of comprehension ability (Bernhardt, 2011).
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4.2.3 Text Adjuncts for L1 Reading Comprehension
Text adjuncts are questions inserted throughout a reading passage and answering these
adjunct questions while reading is expected to facilitate reading comprehension (Callender &
McDaniel, 2007; Smith, Holliday, & Austin, 2010). In L1 reading research, empirical studies
have provided evidence for the benefits of text adjuncts. The underlying mechanism for using
text adjuncts for comprehension is that answering adjunct questions while reading, which is a
goal-orientated task, pushes readers to engage in the reading process (McCrudden & Schraw,
2007). Adjunct questions also help monitor the comprehension process because the questions
usually direct the reader’s attention to the most important textual information (Joseph, AlberMorgan, Cullen, & Rouse, 2016). Among various types of adjunct questions, Targeted Segment
(TS) (e.g., What questions) and Elaborative Interrogation (EI) (e.g., Why questions and Example
Generation) have been widely researched. TS questions direct readers’ focus attention to specific
concepts and are believed to provide readers with “anchoring points” for successful
comprehension (Callender & McDaniel, 2007). EI questions engage readers to integrate and
connect textual information with readers’ prior knowledge (Hamilton, 1990; McCrudden,
Magliano, & Schraw, 2010).
With university-level L1 English readers reading a science text, Ozgungor and Guthrie
(2004) revealed that answering Why questions inserted in every paragraph promoted readers’
performance in comprehension tasks such as recall and inferencing. Smith, Holliday, and Austin
(2010) also found that Why questions promoted comprehension of a biology text in a True/False
recognition task, controlling for individual differences in background knowledge and verbal
ability. With a rather long 16-page social psychology chapter, Callender and McDaniel (2007)
found that What questions significantly improved low-ability readers’ comprehension in short-
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answer questions and multiple-choice tasks. Lower ability readers were even more likely to
benefit from Example Generation because providing examples related to textual information
helped lower-ability readers create “a more coherent unit of knowledge” (Hamilton, 1990). Text
adjuncts, in general, are believed to help readers to build a more coherent mental representation
of text essential for higher-level processing (Callender & McDaniel, 2007). The clear benefits of
text adjuncts identified in L1 reading have encouraged related research, though very few, in L2
reading comprehension.
4.2.4 Text Adjuncts for L2 Reading Comprehension
To date, research findings concerning the potential of text adjuncts for L2 reading
comprehension are not as encouraging as those in L1 reading research. Brantmeier, Callender,
and McDaniel (2011), for example, found no significant effect of text adjuncts (What or Why
questions) on advanced-level L2 Spanish reading comprehension measured by free written recall
and multiple-choice questions. With intermediate L2 Spanish readers, Callender, Medina and
Brantmeier (2013) even found that What and Why questions resulted in significant decrease in L2
Spanish reading comprehension measured by free written recall; no significant effect was found
for comprehension measured by multiple-choice questions. Text adjuncts were also found to be
ineffective for intermediate-level L2 Spanish readers by Medina, Callender, Brantmeier and
Schultz (2017), after controlling for the effect of working memory. Finally, Brantmeier,
Callender, Yu, and McDaniel (2012) examined text adjuncts with college-level Chinese learners
of English. What questions as text adjuncts were examined in two conditions: asking readers to
consider the questions (“pause and consider”) versus writing down answers to the questions
(“pause and write”). Neither condition facilitated EFL reading comprehension when compared
with no use of text adjuncts.
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The non-facilitative effect of text adjuncts on L2 reading comprehension identified in
prior studies perhaps reflect an absence of controlling for the effect of L1 reading ability. As
discussed previously, L1 reading ability is a unique construct involved in L2 reading
comprehension and a major predictor of L2 reading comprehension (Bernhardt, 2010; Koda,
2005). It essentially undergirds L2 reading as skills and strategies developed for L1 reading can
be used for L2 reading (Koda, 2005). Numerous studies have supported the close relationship
between L1 and L2 reading (Bernhardt & Kamil, 1995; Jiang, 2011; Lee & Schallert, 1997;
Pichette et al., 2003). Koda (2005) also argued that research exploring the variance in L2 reading
comprehension should control for the effect of L1 reading ability. This study, therefore,
examined the joint effect of text adjuncts and L1 reading ability on L2 reading comprehension.
L1 reading research has shown that text adjuncts are more likely to facilitate comprehension
among low-ability readers (Callender & McDaniel, 2007), and this mechanism might also apply
to L2 readers. L2 readers with higher L1 reading ability might have the ability to comprehend L2
texts by using skills and strategies already well-developed for L1 reading, which could make text
adjuncts redundant. In contrast, for L2 readers with lower L1 reading ability, the cognitive skills
and strategies developed for L1 reading might be deficient and of little use for L2 reading
comprehension. In this vein, text adjuncts might be a useful resource for low-ability L2 readers.
4.3 Research Questions
In the context of the complexity of L2 reading comprehension, this study explored the
joint effect of text adjuncts, L1 reading ability and comprehension task types on L2 reading
comprehension. Two research questions are specifically examined:
1) Is there a significant main effect of text adjuncts on L2 English reading comprehension,
controlling for comprehension task type and L1 reading ability?
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2) Are there significant interactions between text adjuncts and comprehension task type or
L1 reading ability (or both) on L2 English reading comprehension?
4.4 Method
4.4.1 Participants
Chinese learners (N = 78) of English from a mid-size university in mainland China were
recruited. Participants’ ages ranged between 17 to 27 (Mean = 21.05, SD = 3.00). All
participants were enrolled in English-related majors such as English Education, English for
Business, and Translation Studies. All participants voluntarily participated in this study and
received no monetary compensations or other benefits. They were randomly assigned to one of
the four text adjuncts conditions: What, Why, Example Generation, and Control (no text
adjuncts). Participants in What, Why, and Example Generation conditions were asked to write
down answers in English to adjunct questions while reading. The What group (N=21), for
instance, answered the question, “What is anaphylaxis?”, the Why group (N = 19) answered the
question, “Why is anaphylaxis severe and fatal?”, and the Example Generation group (N=21)
answered question, “Could you give an example of when anaphylaxis might happen?”. The
Control group (N =17) read passages without any adjunct questions.
4.4.2 Instruments
L2 English Reading Comprehension Test. This test (Cronbach’s alpha = 0.72) consisted
of three modified expository passages1 varying in length and topic. Passage 1(The Eye) and
Passage 2 (Chain Reactions) were adapted from Brantmeier (2005). Passage 3 (Food Allergy)
was adapted from an online article from the American College of Allergy, Asthma and
Immunology. A summary of the reading passages is presented in Table 4.1. Each reading
passage was followed by three comprehension tasks: free recall (FR), sentence completion (SC),
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and multiple-choice questions (MC). The FR task asked participants to write down in English as
much as possible about the passage they read without looking back at the passage. The number
of correct pausal units recalled was scored (see details in Bernhardt, 2010). There were 15, 22
and 50 pausal units for Passage 1, Passage 2 and Passage 3, totaling a maximum score of 15, 22,
and 50 points for the FR task for each passage, respectively. The SC task asked readers to
construct a short response based on limited retrieval cues. 1 point was given for a fully correct
answer to each SC item and 0.5 was given for a partially correct answer. The MC task asked
participants to select the one correct answer from four options and 1 point was given for a correct
answer for each MC item. SC and MC items were equivalent and comparable following Wolf’s
(1993) framework.
Table 4.1
Summary of L2 English Reading Passages
Word

Number of

Number of

Number

Number of

Count

Adjuncts

Pausal Units

of SC Items

MC Items

The Eye

157

2

15 (15)

3 (6)

3 (6)

Chain Reactions

239

2

22 (22)

4 (8)

4 (8)

Food Allergy

436

3

50 (50)

4 (8)

4 (8)

Passage Title

L1 Chinese Reading Comprehension Test. This test was consisted of two expository
passages written in simplified Chinese. The topics of the two passages were about sleep (924
Chinese characters) and hurricanes (879 Chinese characters), respectively. Comprehension was
captured via MC questions. Each passage had 5 MC questions and 1 point was given for a
correct answer for each MC item., totaling a maximum score of 10 points.
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Demographic Information Survey. All participants completed a demographic information
survey in which participants self-reported their age, gender, years learning English, enjoyment
with English learning, reasons for English learning, and experience living in an English-speaking
country. In addition, participants self-reported their English proficiency level. This demographic
survey is modified from Brantmeier, Callender, Yu and McDaniel (2012).
4.5 Data Analysis and Results
A mixed design with both between- and within-subject variables was adopted and mixedeffects models involving both fixed and random effects were analyzed.
Independent variables. There were three independent variables (text adjuncts,
comprehension task type, and L1 reading ability). Type of text adjunct (4 levels) and type of
comprehension task (3 levels) were categorical variables which were crossed. Type of text
adjunct was a between-subject design whereas type of comprehension task was a within-subject
design. Type of text adjuncts included What, Why, Example Generation and Control (no text
adjuncts). Type of comprehension task included FR, SC and MC. L1 reading comprehension
ability was a continuous variable. These three independent variables were modeled as fixed
factors in the mixed-effects models.
Dependent variable. The dependent variable was the score of English Reading
Comprehension Test score. The score was reported for each of the three comprehension tasks
(FR, SC and MC) for each of the three reading passages nested within each participant, which
resulted in a total of 633 observations for the dependent variable. The comprehension scores
observed from the three comprehension tasks (FR, SC and MC), which were originally on
different scales, were transformed to proportions correct so that the scales across task type were
comparable. Given the scale range of the dependent variable, generalized linear mixed models
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with corresponding weights representing the maximum possible scores set as a proxy for items
were built and analyzed in R statistical software (version 1.2.1335).
Model Specifications. A fully unconditional model was first built. To best fit the randomeffects structure, two baseline models (Table 4.2) varying in the specifications of the random
structure were compared. Model 1a specified random intercepts for each participant, allowing the
mean to vary for each participant. Model 1b, considering the random effect of reading passages,
specified random intercepts for both participants and reading passages, allowing the mean to
vary for each participant and each passage. Model comparisons based on restricted maximum
likelihood (REML) criterion revealed that Model 1b had a significantly better fit than Model 1a
(χ² = 428.55, p < .001). Given the result, following analyses proceeded using Model 1b.
After fitting the random-effects structure, four conditional models (Model 2, Model 3,
and Model 4) that added fixed factors were built and compared. Model 2 specified L1 reading
ability and comprehension task as two fixed factors. Model 3 added the fixed factor of text
adjuncts and tested its main effect, controlling for L1 reading ability and comprehension task.
Model 4 added the three two-way interaction between text adjuncts and comprehension task,
between L1 reading and comprehension task, and between L1 reading and text adjuncts. Model
5, the full model, tested the three-way interaction among text adjuncts, comprehension task, and
L1 reading ability. In all models, text adjunct and comprehension task were dummy coded, with
Control condition and FR task as references.
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Table 4.2
Comparisons of Baseline Models Varying in Specifications of Random Effects
Model 1a

Model 1b

Predictors

Odds Ratios

CI

p

Odds Ratios

CI

p

(Intercept)

0.54

0.47–0.62

<0.001

0.61

0.33–1.13

0.12

Random Effects
σ2

3.29

3.29

τ00

0.37 id

0.40 id
0.28 passage

N

78 id

78 id
3 passage

Observations

633

633

Model Comparisons
AIC

5059.40

4632.85

BIC

5068.30

4646.20

Log-likelihood

-2527.70

-2313.42

Deviance

5055.40

4626.85

Chi-squared

428.55***

*** p < .001
RQ1) Is there a significant main effect of text adjuncts on L2 English reading comprehension,
controlling for comprehension task type and L1 reading ability?
Table 4.3 summarizes descriptive statistics (means and standard deviations) for
comprehension scores by text adjuncts (What, Why, Example Generation, and Control) and
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comprehension task (FR, SC, and MC). Figure 4.1 illustrates the variability of L2 English
reading comprehension score (proportions correct) by comprehension tasks and text adjuncts.
Pearson correlation coefficients of the variables were presented in Table 4.4. Table 4.5
summarized the specifications, statistics and comparisons for the generalized mixed-effects
models. Model comparisons indicated that Model 2 was significantly better than the baseline
model (see Model 1b in Table 4.2) (χ² = 1611.33, p < .001). In Model 2, both the main effects of
L1 reading ability and task type (FR, SC, and MC) significantly explained the variance in L2
English reading comprehension. Model 3 which added the main effect of text adjuncts was not
significantly better than model 2 (χ² = 1.10, p > .05), revealing no significant contribution of text
adjuncts when controlling for comprehension tasks and L1 reading ability. Follow-up multiple
comparisons confirmed that participants performed equally well across all four types of text
adjuncts: What, Why, Example Generation and Control (no adjuncts), controlling for
comprehension task type and L1 reading ability.
Table 4.3
Descriptive Statistics for L2 English Reading Comprehension Scores (Proportions Correct)
FR

SC

MC

Control

0.18(0.15)

0.59(0.27)

0.55(0.27)

What

0.15(0.09)

0.59(0.24)

0.54(0.18)

Why

0.15(0.09)

0.67(0.21)

0.53(0.16)

Example

0.11(0.07)

0.65(0.22)

0.58(0.19)

Whole Sample

0.15(0.11)

0.63(0.23)

0.55(0.20)

Note. Standard deviations in parentheses. FR = Free Recall. SC = Sentence Completion.
MC = Multiple-Choice Questions
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Figure 4.1
Variability of L2 English Reading Comprehension Score (Proportions Correct) by
Comprehension Tasks and Text Adjuncts

Table 4.4
Pearson Correlation Coefficients Between Variables
L1 Chinese Reading

FR

SC

FR

.27* [.02, .49]

SC

.29* [.07, .48]

.33** [.08, .53]

MC

.36** [.15, .54]

.20 [-.06, .43]

.43** [.23, .59]

Note. 95% confidence interval in brackets. FR = Free Recall. SC = Sentence Completion.
MC = Multiple-Choice Questions.
* p < .05. ** p < .01.
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Table 4.5
Specifications, Results and Comparisons of the Mixed-Effects Models
Model 2
Fixed
Effects

Odds
Contrasts

CI

Model 3
p

Ratios

Odds

CI

Model 4
p

Ratios

Odds

CI

Model 5
p

Ratios

Odds

CI

p

Ratios

(Intercept)

0.18

0.10 – 0.32

<0.001

0.17

0.09 – 0.33

<0.001

0.21

0.11 – 0.40

<0.001

0.22

0.12 – 0.42

<0.001

L1R

1.07

1.04 – 1.11

<0.001

1.08

1.04 – 1.11

<0.001

1.09

1.01 – 1.18

0.03

1.05

0.97 – 1.15

0.23

MC

7.52

6.57 – 8.62

<0.001

7.53

6.57 – 8.63

<0.001

5.47

4.16 – 7.19

<0.001

4.65

3.44 – 6.28

<0.001

SC

11.51

10.00 – 13.25

<0.001

11.51

10.00 – 13.26

<0.001

6.71

5.08 – 8.84

<0.001

6.40

4.78 – 8.57

<0.001

Task Type

Adjuncts

Example

1.09

0.72 – 1.62

0.69

0.70

0.46 – 1.09

0.12

0.66

0.43 – 1.03

0.07

Type

What

0.92

0.62 – 1.38

0.69

0.78

0.50 – 1.21

0.27

0.74

0.47 – 1.17

0.20

Why

1.11

0.74 – 1.67

0.62

1.01

0.65 – 1.56

0.98

0.92

0.59 – 1.44

0.72

L1R *

L1R * MC

1.03

1.00 – 1.07

0.048

1.15

1.06 – 1.25

0.001

Task Type

L1R * SC

1.05

1.01 – 1.09

0.008

1.07

0.99 – 1.16

0.08

L1R *

L1R * Example

0.93

0.84 – 1.03

0.15

0.97

0.87 – 1.08

0.57

Adjunct

L1R * What

0.98

0.89 – 1.08

0.68

1.01

0.90 – 1.13

0.90

Type

L1R * Why

0.96

0.87 – 1.06

0.45

1.01

0.91 – 1.13

0.84

Task Type

MC * Example

2.07

1.41 – 3.03

<0.001

2.41

1.61 – 3.61

<0.001

* Adjunct

SC * Example

2.47

1.66 – 3.66

<0.001

2.55

1.70 – 3.82

<0.001

Type

MC * What

1.43

0.97 – 2.11

0.07

1.66

1.09 – 2.53

0.018

SC * What

1.69

1.14 – 2.53

0.01

1.76

1.15 – 2.69

0.009

MC * Why

1.08

0.73 – 1.58

0.71

1.29

0.86 – 1.95

0.22

SC * Why

1.86

1.25 – 2.78

0.002

1.96

1.30 – 2.96

0.001

0.89

0.80 – 0.99

0.029

0.96

0.87 – 1.07

0.46

0.88

0.79 – 0.98

0.022

L1R *

L1R * MC *

Task Type

Example

* Adjunct

L1R * SC *

Type

Example
L1R * MC*What

60

L1R * SC *What

1.02

0.92 – 1.14

0.68

L1R * MC *Why

0.88

0.80 – 0.97

0.013

L1R * SC * Why

0.94

0.85 – 1.04

0.25

Random Effects
σ2

3.29

3.29

3.29

3.29

τ00

0.33 id

0.33 id

0.30 id

0.29 id

0.24 passage

0.24 passage

0.24 passage

0.24 passage

78 id

78 id

78 id

78 id

3 passage

3 passage

3 passage

3 passage

633

633

633

633

AIC

3027.51

3032.41

3017.19

3017.69

BIA

3054.21

3072.47

3106.20

3133.41

Log-likelihood

-1507.76

-1507.21

-1488.59

-1482.85

Deviance

3015.51

3014.42

2977.19

2965.69

1.10

37.23***

11.49

N

Observations
Model Comparisons

Chi-squared
*** p < .001
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RQ 2) Are there significant interactions between text adjuncts and comprehension task type or
L1 reading ability (or both) on L2 English reading comprehension?
Comparison between Model 3 and Model 4 indicated that Model 4 (with the three twoway interactions) had a significantly better fit (χ² = 37.23, p < .001), revealing significant
contributions of the three two-way interactions to the model fit. Though the overall fit of Model
5 (the three-way interaction model) was not significantly better than Model 4 (χ² = 11.59,
p > .05), post-hoc comparisons based on Model 5 revealed significant interactions between
assessment tasks and types of text adjuncts. Post-hoc comparisons were conducted using the glht
function in the multcomp package which tested the general linear hypotheses and gave results for
multiple comparisons for generalized linear models. The significance level for multiple
comparisons was indicated by 95% confidence intervals using the confint function. Specifically,
in the SC task, performance in the Example Generation group was significantly higher than the
Control group with no text adjuncts (p < .05, 95% CI [0.05, 1.01]). In the SC task, performance
in the Why group was significantly higher than the Control group (p < .05, 95% CI [0.10, 1.08]).
In the FR and MC task, no significant difference in performance was found between any
treatment group (What, Why or Example Generation) and the Control group (all ps > .05). Figure
4.2 illustrates the predicted proportions correct as a function of L1 Chinese reading ability for L2
English reading comprehension by group condition for three tasks: FR (Figure 4.2a), SC (Figure
4.2b) and MC (Figure 4.2c). Though no significant benefit was found for any treatment condition
in the MC task, Figure 2c shows that text adjuncts (What, Why, and Example Generation) tended
to have more benefits for participants who had lower L1 reading comprehension ability.
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Figure 4.2a
Predicted FR Score (Proportions Correct) as a Function of L1 Chinese Reading

Figure 4.2b
Predicted SC Score (Proportions Correct) as a Function of L1 Chinese Reading

Figure 4.2c
Predicted MC Score (Proportions Correct) as a Function of L1 Chinese Reading
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4.6 Discussion
The present study revealed no significant main effect of text adjuncts for L2 English
reading comprehension, controlling for comprehension task type and L1 reading comprehension
ability. However, a more important finding was the two-way and three-way interactions among
text adjuncts, comprehension task, and L1 reading ability. In summary, Elaborative Interrogation
(Why and Example Generation) as text adjuncts significantly facilitated L2 English reading
comprehension measured by the SC task, but no significant benefit was found in the FR and MC
task. With regard to Targeted Segment (What) as text adjuncts, no significant benefit was found
for L2 English reading comprehension, no matter for the FR, the SC or the MC task. There was a
tendency that, when comprehension was measured by the MC task, text adjuncts benefited L2
English readers with lower L1 reading comprehension ability more than those with higher L1
reading comprehension ability. However, this finding needs to be interpreted with caution.
The role of L1 reading ability. The finding supported the assumption that L1 reading
ability could impact the role of text adjuncts in L2 English reading comprehension, as indicated
by the two-way interaction between text adjuncts and L1 reading ability as well as the three-way
interaction among text adjuncts, assessment task, and L1 reading ability. Across text adjuncts
and assessment tasks, L1 reading ability was found to be significantly positive in relation to L2
English reading comprehension in the present study. As discussed, L1 reading is a unique
construct for L2 reading which is “crosslinguistic”; therefore, cognitive skills and strategies
developed for L1 reading are usually transferred to L2 reading (Koda, 2005), especially among
adult L2 readers whose L1 reading ability has been well-developed. In addition, L1 reading
moderated the effect of text adjuncts, assessment tasks and their interaction on L2 English
reading comprehension, of which the results supported the notion that a better understanding of
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the nature of L2 reading not only needs to consider the unique impact from L1 reading, but also
how L1 reading interacts with other variables to jointly affect L2 reading (Bernhardt, 2010;
Koda, 2005).
Types of text adjuncts. Two main types of text adjuncts were examined in the present
study: Targeted Segment and Elaborative Interrogation. Different from Callender and McDaniel
(2007) who found significant positive effect of Targeted Segment for low-ability readers, this
study revealed significant benefits of Elaborative Interrogation (Why and Example Generation),
rather than Targeted Segment (What) among L2 English learners with low L1 reading ability. In
other words, text adjuncts with a focus on information integration and background knowledge
activation tend to promote comprehension for L2 English readers with lower L1 reading ability
whereas text adjuncts with a focus on concept identification tend to have no significant benefit.
This finding could be explained by the higher-level processing essential for L2 reading
comprehension. Successful comprehension occurs only when L2 readers build a coherent mental
representation of the text, which is primarily driven by higher-level processing skills such as
understanding the semantic and pragmatic relationships implicitly embedded in the text,
integrating and synthesizing textual information in a coherent way, and connecting textual
information with background knowledge (Grabe, 2009; Koda, 2005). The cognitive processes
triggered by Elaborative Interrogation questions could have supported these higher-level
processes for comprehension. Targeted Segment, however, might function in a different
mechanism which failed to support higher-level processes in comprehension. Though there is not
enough evidence to explain the cognitive mechanisms triggered by Elaborative Interrogation and
Targeted Segment, an important notion is that these two types of text adjuncts could function
differently for reading comprehension.
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Comprehension tasks. As assumed, comprehension tasks varying in response format was
found to significantly impact the relationship between text adjuncts and L2 English reading
comprehension. Significant benefits were found for Example Generation in MC task and Why
questions in SC task. Noteworthy, though items in SC and MC tasks were comparable in the present
study, L2 English reading comprehension was still found to significantly vary by these two
comprehension tasks, even in the context of text adjuncts. This finding adds more evidence to

support the argument that readers do not demonstrate comparable performance of reading
comprehension across comprehension task varying in response format and cognitive complexity.
Comprehension ability could be either underestimated or overestimated depending on the tasks
utilized to capture comprehension. Compared with SC and MC tasks, no benefit was found for FR
task no matter what type of text adjuncts was utilized. The complexity of recall task could be a
potential explanation. Recall task is more cognitive demanding as it requires comprehension and
production at the same time (Lim, 2019). This could explain research findings that L2 learners
usually perform better in recognition test such as multiple-choice questions than in essay-type tasks
such as written recall (Vander Beken & Brysbaert, 2017). With L2 readers, recall performance could
be even worse if recall was completed in L2 (Bernhardt, 2010; Godev, Martínez‐Gibson, & Toris,

2002), leading to “L2 recall lost” due to factors such as weaker L2 writing skills and anxiety
(Vander Beken & Brysbaert, 2017). This “L2 recall lost” could have masked the positive effect of
text adjuncts on written recall in the present study. Another possible factor that might have inhibited
the benefit of text adjuncts for recall was the unfamiliarity with the format of recall task (Johnston,

1983). Participants in the present study were Chinese learners of English who were usually tested via
multiple-choice questions for reading comprehension. Without enough experience responding to
written recall task, participants could have difficulties in terms of, for instance, how to start,
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organize, and structure a written recall. Benefits could possibly occur if participants were familiar
with written recall task and recall was completed in L1 Chinese.
4.7 Implications and Conclusion

The finding that Elaborative Interrogation (Why questions and Example Generation)
facilitated L2 English reading comprehension measured by SC and MC tasks among L2 English
learners hold some important implications on L2 English teaching and learning. One implication is
for L2 English reading material design. To facilitate reading comprehension, pre-, during-, and postreading activities were all important (Grabe, 2009; 2014). Freeman (2014) found that there were
mainly two types of reading tasks in global L2 English textbooks: pre- and post-reading activities,
but during-reading activities are usually ignored in textbooks. This is particularly a case in the
context of English instruction in China where reading materials at college level such as
Contemporary College English, College English: Intensive Reading, and New College English do not
contain designs of during-reading activities. Given the finding, it is recommended that book
publishers incorporate text adjuncts (especially Elaborative Interrogation that engages reader to
integrate textual information, identify the semantic relationships and activate heir background
knowledge) as a during-reading activity to support comprehension. A closely related implication
applies to L2 English teachers who design their own reading materials. There are many occasions
when L2 English teachers, for instance, select and compile authentic reading materials from
newspapers, journals and Internet, but have difficulties in making decisions on how to incorporate
effective reading activities or tasks for these reading materials. The use of text adjuncts ( Elaborative

Interrogation) as a during-reading activity could be an option which can be easily implemented.
Another implication is for teaching L2 English learners a useful during-reading

comprehension strategy. Even though text adjuncts are questions already inserted throughout
reading passages, this technique can be adapted in a way that L2 English readers are taught to ask
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effective questions that push them to integrate textual information, identify the semantic relationships
or activate their background knowledge to support their comprehension. This suggestion is in line

with Grabe’s (2009) notion that teaching L2 readers to formulate effective questions about
reading passages should be one component in L2 reading strategy instruction. Current finding of
the benefits of Elaborative Interrogation contributes to L2 English teachers’ knowledge about
and decisions on what kind of questions they should teach and who might benefit from asking
these kinds of questions. It is suggested that L2 English teachers teach and train learners to
asking effective questions (Elaborative Interrogation) during comprehension, following steps
such as introducing the basics of Elaborative Interrogation, explaining in what ways Elaborative
Interrogation are beneficial, and then modeling and scaffolding its use through practices. Given
the crucial role of strategy use in L2 reading comprehension, this implication is of urgency to
help diversify L2 English readers’ strategy toolkit at their disposal and promote them to grow as
strategic reader.
To concluded, the present study has demonstrated that the effect of text adjuncts for L2
English reading comprehension significantly varied by types of adjunct questions, L1 reading
ability and assessment tasks. Elaborative Interrogation (Why and Example Generation) could
benefit L2 English reading comprehension. The implications provided here for L2 English
reading material design and teaching and promoting strategic L2 English readers primarily focus
on the using Elaborative Interrogation as an alternative during-reading technique or strategy to
facilitate higher-level processes for reading comprehension.
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Chapter 5: Does Questioning Strategy Facilitate Second Language Reading
Comprehension? The Effects of Comprehension Measures and Insights from
Reader Perception
5.1 Introduction
The number of non-native English-speaking students enrolled in higher institutions in
English-speaking countries has been on the rise. More than one million international students
enrolled in higher institutions in the United States in the 2018-2019 academic year (Institute of
International Education, 2019). The number in the UK was more than 485,000 (Higher
Education Statistics Agency, 2019). For this population, the ability to read and comprehend
English texts is indispensable given its high-stake relationship to academic success (McGrath,
Berggren & Mežek, 2016). Reading comprehension, however, is challenging for this population
as second language (L2) readers given that they have to process and comprehend simultaneously
but have limited linguistic resources at their disposal (Koda, 2005). Exploring techniques or
strategies that can aid L2 reading comprehension, therefore, becomes critical. Empirically,
comprehension strategies have been widely examined but were not always found to be effective.
Determining the (in)effectiveness of comprehension strategies, however, should consider how
comprehension is measured given that comprehension assessment tasks significantly vary in
response format and cognitive complexity (Alderson, 2000; Calet, López-Reyes, & JiménezFernández, 2020; Lim, 2019; Ozuru et al., 2013). With a focus on college-level L2 English
reading comprehension of expository texts, this study examines the interplay between a
comprehension strategy (the questioning strategy in particular) and two comprehension
assessment tasks (short-answer and multiple-choice questions), controlling for individual-level
differences in first language (L1) reading comprehension, L2 vocabulary size and topic
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familiarity. L2 readers’ perception was also qualitatively analyzed to uncover potential positive
and/or negative effects associated with the use of the questioning strategy. Implications for
fostering an effective L2 reading strategy instruction are discussed.
5.2 Literature Review
5.2.1 Model and Complexity of L2 Reading Comprehension
L2 reading comprehension, a complex process of extracting and constructing meaning
from written texts, is both a language and a reading problem (Alderson, 2000; Bernhardt, 2010;
Bernhardt & Kamil, 1995; Koda, 2005). It involves both lower-level and higher-level processes
(Grabe, 2009; Koda, 2005). Lower-level processes are related to skills such as word decoding
and syntactic parsing. Higher-level processes are mental constructions of 1) a text model of
reader comprehension and 2) a situation model of reader interpretation (Grabe, 2009). Text
model construction is to extract textual information based on the semantic and pragmatic
relationships implicitly embedded in the text. Situation model construction is to integrate
background knowledge with textual information for appropriate interpretation. Successful
higher-level processes are usually supported by cognitive activities such as synthesizing
information, making inferences, activating prior knowledge, and monitoring comprehension
process. Whether higher-level cognitive activities could be successfully executed, however, is
affected by the efficiency of lower-level processing. Efficient lower-level processing allows
readers to have more cognitive resources for higher-level processing (Koda, 2005). L2 reading
comprehension, therefore, is a joint effect of lower- and higher-level processing. Guo and
Roehrig (2011), for instance, revealed a two-factor model in which higher-level skills (e.g.,
metacognitive awareness) and lower-level skills (e.g., syntactic knowledge) jointly explained
87% of the variance in L2 reading comprehension.
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Compared with L1 reading, L2 reading is much more complex as it is “crosslinguistic”
and involves a dual-language system in which mechanisms of L1 and L2 reading function
simultaneously (Koda, 2005). Bernhardt (2010) has synthesized three major components of L2
reading comprehension: L1 reading ability, L2 language knowledge, and “unexplained”
variance. Quantitatively, L1 reading ability explains about 20% of the variance in L2 reading
comprehension whereas L2 language knowledge explains about 30%. The remaining 50% of the
variance is left “unexplained” but could be accounted for by, for instance, background
knowledge and comprehension strategies. Empirical findings have supported the contribution of
these three components to L2 reading comprehension, though the specific amount of variance
explained by each component slightly varied by L2 proficiency level and L1-L2 distance (Asfaha
et al., 2009; Brevik et al., 2016; Karimi, 2015).
L1 reading ability. The role of L1 reading ability in L2 reading comprehension is
understood via two hypotheses: the Linguistic Interdependence Hypothesis (LIH) and the
Linguistic Threshold Hypothesis (LTH). LIH argues that L1 and L2 reading are similar and L1
reading ability automatically transfers to L2 reading (Cummins, 1979). LTH, however, posits
that this transfer occurs only when L2 proficiency reaches a certain threshold level (Alderson,
1984). Most empirical studies tend to support LTH given two general findings: first, L2
proficiency and L1 reading both have significant effect on L2 reading, but the impact of L2
proficiency is stronger; second, the contribution of L1 reading ability increases as L2 proficiency
develops (Bernhardt & Kamil, 1995, Jeon & Yamashita, 2014; Lee & Schallert, 1997). Jeon and
Yamashita’s (2014) meta-analysis revealed a significant correlation (r = .50) between L1 reading
ability and L2 reading comprehension, with a stronger correlation identified at higher L2
proficiency level. Bernhardt and Kamil (1995) showed that L1 English reading ability accounted
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for about 10–16% of the variance in L2 Spanish reading whereas L2 Spanish proficiency
accounted for about 30–38%. Yamashita (2002) found that every 1% increase in L2 English
proficiency led to a 1.07% increase in L2 English reading comprehension whereas every 1%
increase in L1 Japanese reading ability led to a relatively small (0.22%) though significant
increase in L2 English reading comprehension. These findings suggest that, though L1 reading
ability has a smaller influence on L2 reading comprehension when compared with L2
proficiency, it is still one crucial variable that should not be ignored.
L2 language knowledge. L2 language knowledge includes morpho-syntactic,
grammatical, and vocabulary knowledge (Bernhardt, 2010). L2 readers with more L2 language
knowledge are more likely to successfully comprehend a text. Among measures of L2 language
knowledge, vocabulary knowledge plays a crucial role in L2 reading comprehension. Vocabulary
knowledge helps alleviate readers’ cognitive load by freeing lower-level processing so that
readers could focus more on higher-level processing while reading (Koda, 2005). Zhang and
Zhang’s (2020) meta-analysis found that the overall correlation between vocabulary knowledge
and L2 reading comprehension was .57 (p < .01). Compared with L2 grammatical knowledge, L2
vocabulary knowledge was a stronger predictor of L2 English reading comprehension (Zhang,
2012). It is noteworthy that vocabulary knowledge has been operationalized differently in
empirical studies, including receptive/productive knowledge, vocabulary size, vocabulary depth,
or knowledge of word form, meaning and use (Jeon & Yamashita, 2014). The present study
focuses on L2 vocabulary size, of which there is a threshold for successful comprehension to
occur (Qian, 2002; Schmitt et al., 2011; van Zeeland & Schmitt, 2013). The optimal lexical
coverage for comprehension, for instance, is about 8,000 word families whereas the minimal
coverage is about 4,000 to 5,000 word families (Laufer & Ravenhorst-Kalovski, 2010). The
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threshold identified accentuates the unique role of L2 vocabulary size in L2 reading
comprehension.
“Unexplained” variance in L2 reading comprehension. Many reader-, text-, and tasklevel variables as well as their interactions have been examined to unveil the “unexplained”
variance in L2 reading comprehension. Among variables examined, background knowledge and
comprehension strategy have received significant research attention. Background knowledge is
assumed to compensate for L2 reading comprehension by freeing attentional resources so that a
coherent mental representation of the text could be built (Brantmeier, 2005; Lee, 2007).
Brantmeier (2005) revealed that background knowledge was significantly associated with
college-level L2 Spanish reading comprehension. Background knowledge is even a particularly
useful resource that low-proficiency L2 readers could rely on to support comprehension
(McNeil, 2011). Background knowledge, however, has been operationalized differently. In the
present study, background knowledge as a controlled variable was operationalized as topic
familiarity immediately measured after reading a text. This measure emphasizes topic knowledge
that is passage content dependent (Brantmeier, 2005).
Comprehension strategies, another important variable contributing to the “unexplained”
variance in L2 reading comprehension, are activities readers are engaged in while reading in
order to facilitate comprehension or repair comprehension failure (Cohen & Upton, 2007; Grabe,
2009). Comprehension strategies range from lower-level strategies such as word decoding to
higher-level strategies such as summarizing main ideas, analyzing text structures and making
predictions. Studies have revealed that higher-level strategies are key for comprehension among
L2 readers (e.g., He, 2008; Malcolm, 2009). The underlying mechanism is that higher-level
strategies tend to engage readers in cognitive activities such as searching, integrating and
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synthesizing textual information, making appropriate inferences, and monitor comprehension,
which are essential building blocks to successful comprehension. Karimi (2015) demonstrated
that strategic processing as a higher-level strategy explained 31.1% of the variance in L2 reading
comprehension, controlling for L1 reading ability. McNeil (2011) found that self-questioning as
a comprehension monitoring strategy explained 56.3% of the variance in L2 reading
comprehension and the strategy could even weaken the role of background knowledge. This
study examines the potential of the questioning strategy, a higher-level comprehension strategy,
for L2 reading comprehension.
5.2.2 Questioning Strategy for Reading Comprehension
The benefit of the questioning strategy, specifically, answering text-related questions
while reading, has been well established in L1 reading research. According to McCrudden and
Schraw’s (2007) model of goal-focusing processes in reading, answering questions while
reading, which is essentially a task to complete, pushes readers to allocate their cognitive
resources to important information and engage readers in active information searching and
integration. It helps monitor the comprehension process by signaling important textual
information (Joseph et al., 2016). Among various types of questions that yielded significant gains
in comprehension, the most effective questions were signal words such as what and why and
generic questions (Rosenshine et al., 1996). What and why questions targeting on concept
definition and information integration are particularly effective for comprehension of expository
texts (Joseph et al., 2016). Callender and McDaniel (2007) found that answering what questions
significantly facilitated L1 reading comprehension among low-ability readers. The questions
might have functioned as “anchoring points” that readers could rely on. Why questions were
found to strengthen the connection between textual information and readers’ prior knowledge
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(McCrudden & Schraw, 2007) and facilitated college-level L1 reading comprehension,
controlling for readers’ prior knowledge and verbal ability (Ozgungor & Guthrie, 2004; Smith et
al., 2010).
In L2 reading research, studies on the questioning strategy are limited. Certain benefits
of what or why questions were identified with college-level L2 readers, but the comprehension
gains were not significant (Callender, et al., 2013; Medina et al., 2017). The complexity and
uniqueness of L2 reading should be considered here. L2 reading is essentially different from and
more complex than L1 reading as it is crosslinguistic and involve two language systems (Koda,
2005). It should not be assumed that the same strategy effective for L1 readers are equally
effective for L2 readers. Prior studies had intervention in parallel with L1 reading research either answering what or why questions for each passage. What questions usually focus on
concept definition whereas why questions target on information synthesis and integration across
different sections (Medina et al., 2017). Asking either what or why questions might sacrifice the
cognitive processing for the other one. To deepen the cognitive processing for L2 readers,
answering a combination of what and why questions might be needed. Additionally, as discussed,
L2 reading comprehension is essentially affected by L1 reading ability, L2 language knowledge,
and background knowledge. Prior studies failed to model these variables while examining the
comprehension strategy. This study will address this methodology issue by controlling for the
effect of L1 reading ability, L2 vocabulary size, and topic familiarity.
5.2.3 Measuring Reading Comprehension
Reading comprehension as a complex skill makes it challenging to measure.
Comprehension performance could vary by comprehension measures because completing
different assessment tasks require different cognitive skills (Brantmeier, 2005; Calet et al., 2020;
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In’Nami & Koizumi, 2009; Kobayashi, 2002; Lim, 2019; Ozuru et al., 2013; Wolf, 1993).
Readers are usually asked to construct a response (e.g., written recall, short-answer questions) or
select a response (e.g., multiple-choice questions, true or false) (Alderson, 2000). Multiplechoice questions (MCQs), for instance, emphasize the recognition of predetermined correct
answers. Readers have to activate their recognition process and build several mental processes
not in line with the mental representations they have already built while reading (Brantmeier et
al., 2012). Readers also need to inhibit the perception that “the distractor is the correct answer”
because the distractors, if designed appropriately, tackle the textual information with nuances
(Pressley et al., 1990).
Short-answer questions (SAQs), which are open-ended questions to be answered using
several sentences, require readers to store and retrieve information coherently based on limited
retrieval cues (Lim, 2019). This process becomes more aware to readers as they have to generate
their own answers and go through cognitive processes for both comprehension and production
(Pressley et al, 1990). Ozuru at al. (2013) argued that assessment tasks such as SAQs are more a
reflection of “information recollection” in which readers need to identify and integrate
information whereas MCQs are a reflection of “information familiarity” because there are more
retrieval cues in MCQs. It is also argued that the process of constructing responses resembles
authentic comprehension and literacy activities in academic settings (Weigle et al., 2013). These
arguments justify the analyses of comprehension measures in relation to comprehension
performance.
5.3 Research Questions
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Given the complexity of L2 reading comprehension, the present study explores the
potential of the questioning strategy for L2 reading comprehension by examining two research
questions:
1. Does the effect of the questioning strategy (answering a combination of what and why
questions while reading) vary by comprehension measure (SAQs and MCQs), controlling
for L1 reading ability, L2 vocabulary size and topic familiarity?
2. What are L2 readers’ perception of using the questioning strategy while reading?
5.4 Method
5.4.1 Participants
Fifty-four Chinese learners of English (Nfemale = 47, Nmale = 7), aged between 18 to 20
years old (Mean = 18.93, SD = 0.67), from a university in mainland China were recruited.
Participants received no benefits such as extra course credit or monetary compensation for their
participation. Consent forms were filled by those who agreed to participate in the study. All
participants were at the end of their freshmen year with a major in Translation Studies.
Admission to the program of Translation Studies at the university where data was collected is
highly selective as students need to meet the minimum requirement for both English and Chinese
language abilities as indicated by their standardized college entrance exam. According to the
China Standards of English Language Ability (CSE) (China’s Ministry of Education, 2018),
first-year college students should demonstrate an English reading ability to grasp the main idea
of reading materials on a variety of topics in education, technology, and culture (for details, see
CSE, 2018).
5.4.2 Instruments
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L2 English Reading Comprehension Test. Two expository English texts were included in
this test. Passage 1 was about anxiety disorders and Passage 2 was about abnormal behaviors. An
automatic text analysis tool Coh-Metrix (3.0) (Graesser et al., 2011; Crossley et al., 2008) was
used to analyze text features of the two English passages (Table 5.1). The two passages were
comparable in their text features. Each reading passage was followed by two comprehension
tasks: SAQs and MCQs. For each passage, there were 6 SAQs and 6 MCQs. Correct answer to
each SAQ was worth 2 points. Partially correct answer was worth 1 point and wrong answer 0
point. Possible correct answers to SAQs were pre-determined by two researchers. Each SAQ was
rated by two trained raters, and if there was disagreement the two raters discussed until 100%
agreement was reached. For each MCQ, 1 point was given to each correct answer and 0 point to
each wrong answer. Proportions correct was calculated as the final score for SAQs and MCQs,
respectively. Internal consistency of the L2 English reading comprehension test was acceptable
(Cronbach's alpha = 0.7), after four MCQ items were dropped due to lower item-total
correlations.
Table 5.1
Text Features of English Passages Based on Coh-Metrix Tool
Title

Word Count

Type-Token

Coh-Metrix L2

Ratioa

Readabilityb

Passage 1 Anxiety Disorder

680

0.52

9.24

Passage 2 Abnormal Behavior

647

0.48

9.47

aThe

number of unique words divided by the number of tokens of the words to indicate lexical

diversity.
bCalculated

based on content word overlap, sentence syntax similarity, and lexical frequency to

indicate L2 text difficulty.
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To follow the principle of the “content representativeness” (Messick, 1980) and improve
test validity by incorporating representative aspects of the construct to be measured, SAQs and
MCQs were constructed by referring to both theories (Alderson, 2000; Grabe, 2009; Koda, 2005)
and empirical research examining the construct of comprehension (Basaraba et al., 2013; Song,
2008). Though research has not reached an agreement on the subskills of comprehension, the
general consensus is that it is comprised of both local-level and global-level comprehension that
could be measured by literal and inferential questions, respectively. Literal questions measure
readers’ ability to locate and recognize specific ideas that are explicitly stated whereas inferential
questions measure the ability to integrate information throughout the text and make appropriate
inferences. According to this categorization, SAQs and MCQs in this study contained both literal
and inferential questions. There were 3 literal and 3 inferential questions for SAQs for each
passage, and the same design applied to MCQs. All questions were passage-dependent, avoiding
situations where readers correctly answer any questions simply utilizing background knowledge
without reading the passages (Wolf, 1993).
After reading each passage and before answering SAQ and MCQs, all participants were
asked to rate to what degree they were familiar with the text topics on a 10-point Likert scale, in
which “1” represented the lowest degree of familiarity and “10” represented the highest. Paired
sample t-test indicated that, for the whole sample, there was no significant difference in topic
familiarity between Passage 1 and Passage 2 (t(53) = -0.95, p > .05). Topic familiarity as a
controlled variable was averaged between topic familiarity scores for Passage 1 and Passage 2.
L2 English Vocabulary Size Test. L2 English vocabulary size was measured using Nation
and Beglar’s (2007) Vocabulary Size Test (14,000 level), a widely used L2 vocabulary test
containing words from fourteen sets of word lists grouped based on the word family frequency
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from the spoken section of the British National Corpus (BNC). Rasch modeling analyses have
proved it reliable (e.g., high degree of unidimensionality, Rasch reliability indices > 0.96)
(Beglar, 2010). This context-independent receptive vocabulary test consisted of 140 MCQs, and
participants were asked to select the best definition of each given word from four options
available. Each MCQ was worth 1 point. The total score for the vocabulary test was the total
number of MCQs correctly answered. The first 1000 frequency levels were not scored as this
first 1000 levels were designed to ensure that the test is not biased to any level (Nation & Beglar,
2007). The mean score for this test was 43.24 (SD = 9.9, Minimum = 22, Maximum = 67),
indicating that, on average, participants’ L2 English vocabulary size was approximately 4,300
word families.
L1 Chinese Reading Comprehension Test. The test consisted of two expository texts
written in simplified Chinese. The first passage discussed the myths and facts about sleep, and
the second passage discussed the causes and effects of hurricanes. The two passages were
comparable in text features as indicated by the Chinese Coh-Metrix analysis tool (Table 5.2).
Each passage was followed by 5 MCQs. Correct answer to each MCQ was given 1 point, with a
maximum of 10 points for this test. MCQs consisted of both literal and inferential questions
measuring comprehension skills such as information identification, inference making, and main
idea summarizing.
Table 5.2
Text Features of Chinese Passages Based on Coh-Metrix Tool
Title

Character count

Type-Token Ratio

Latent Semantic Analysisa

Passage 1

Sleep

640

0.61

0.58

Passage 2

Hurricanes

623

0.60

0.45

aAn

indicator of semantic overlap between sentences or between the text and a sentence, ranging

between 0 (low cohesion) to 1 (high cohesion).
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Learner Perception Survey. Immediately after completing the L2 English Reading
Comprehension Test, participants completed a Learner Perception Survey consisted of two parts.
Part I was a 5-point Likert Scale with 3 items (Cronbach's alpha = 0.75), each of which was a
statement about the possible interference effect (Callender et al., 2013) induced by the
questioning strategy on three aspects: reading attention, reading fluency, and reading focus.
Reading attention refers to whether answering questions while reading distracted readers’
attention. Reading fluency refers to whether answering questions while reading disrupted
readers’ normal speed and flow. Reading focus refers to whether answering questions while
reading forced readers to give special attention to textual information that is only related to what
and why questions, rather than the reading passage as a whole. Part II was an open-ended section
where participants reflected and commented on self-perceived (in)effectiveness of the
questioning strategy.
5.4.3 Procedures
Participants were randomly assigned to either a Treatment (N = 24) or Control (N = 30)
group. Data collection was completed in two days. On the first day, participants completed L2
English Reading Comprehension Test (90 minutes) and Learner Perception Survey (20 minutes).
Only the Treatment group was asked to complete the Learner Perception Survey. On the second
day, both the Treatment and Control group completed L1 Chinese Reading Comprehension Test
(30 minutes) and L2 English Vocabulary Size Test (30 minutes). Specific instructions written in
English were presented on the top of the first page of the testing materials. Participants in the
Treatment group were asked to read two different English passages and write down in English
their answers to the what and why questions inserted in each paragraph when they were reading.
Participants in the Control group were asked to read the same two English passages but for each
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passage they were asked to read twice. For both groups, the instructions specified that after
reading each passage they were required to complete two types of assessment tasks (SAQs and
MCQs) without looking back at the passages.
In the Treatment group, four sets of questions were inserted in Passage 1 and five sets
were inserted in Passage 2. Each set had one what question and one why question targeting on
the same concept or idea for comprehension. For instance, participants in the Treatment group
answered both “What do anxiety and depression share in common?” and “Why do we say that
anxiety and depression are similar in some way?” For each what and why question, a correct
answer was given 2 points, a partially correct answer was given 1 point and a wrong answer was
given 0 point. On average, participants correctly answered 74% of what questions and 61% of
why questions in Passage 1. In Passage 2, 75% of what questions and 69% of why questions were
correctly answered. The Control group read the two passages without answering any What or
Why questions but were asked to read each passage twice to ensure that both groups could
engage in the reading process within comparable time. No pretest was administered. Grounded in
literature, L1 reading ability, L2 vocabulary and topic familiarity are recognized as important
variables associated with L2 reading comprehension, thus were measured and controlled for
when evaluating the treatment effect. Additionally, no pretest was administered in order to avoid
possible test-treatment interaction.
5.5 Data Analysis and Results
Generalized linear mixed models using the glmer function (with the logit link function) in
R Studio (version 1.2.1335) was used to analyze comprehension scores measured by SAQs and
MCQs that were reported as the proportions correct between 0.00 and 1.00. The comprehension
scores of SAQs and MCQs for each of the two passages were nested within each participant, of
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which the nest structure had a total of 216 observations for 54 participants. Comprehension
measures (SAQs and MCQs), a within-subject design, and group conditions (Treatment and
Control), a between-subject design, were modeled as fixed factors. Individual-level continuous
variables (L1 Chinese reading ability, L2 English vocabulary size and topic familiarity) were
also modeled as fixed factors to statistically control for their effects. All controlled variables
were grand mean centered to allow unbiased estimates (Hox, 2010). For the random effect,
random intercept was specified to allow the comprehension scores to vary within individuals.
Maximum likelihood estimation was used to handle the missing date. Three models were
compared: a fully unconditional model (random intercept-only model), a main effect model
specifying group condition and comprehension measure while controlling for individual-level
continuous variables, and a full model which added the interaction between group condition and
comprehension measure. Group condition and comprehension measure were dummy coded, with
the Control group and MCQ measure as references.
Descriptive statistics for L2 reading comprehension measured by SAQs and MCQs as
well as the controlled variables (L1 Chinese reading ability, L2 English vocabulary size and
topic familiarity) by group condition (Treatment and Control) is presented in Table 5.3. Pearson
correlation coefficients among the three controlled variables indicated no highly correlated
relationships between L1 Chinese reading ability and L2 English vocabulary size (r = .11,
p > .05, 95% CI [-.16, .37]), between L1 Chinese reading ability and topic familiarity (r = -.09,
p > .05, 95% CI [-.35, .18]), or between L2 English vocabulary size and topic familiarity (r
= .03, p > .05, 95% CI [-.24, .30]).
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Table 5.3
Descriptive Statistics by Group Condition
Treatment

Control
Mean (SD)

Short-answer questionsa

0.69(0.11)

0.47(0.14)

Multiple-choice questionsa

0.56(0.17)

0.49(0.2)

L1 Chinese reading

6(2.12)

5.87(2.47)

L2 vocabulary size

43(9.89)

43.43(9.9)

4.15(1.72)

5.12(2.09)

Topic familiarity
a Scores

reported as proportions correct.

Table 5.4 summaries specifications, results and comparisons of the three generalized
mixed-effects models. A comparison of the fully unconditional model to the main effect model
showed that the main effect model had a significantly better fit (χ² = 36.96, p < .001). In the main
effect model, the effect of group condition was found to be significant, with the Treatment
outperformed the Control group. However, the main effect of comprehension measure was not
significant, indicating no significant score difference between SAQs and MCQs. Model
comparison between the main effect model and the full model indicated that the full model had a
significantly better model fit (χ² = 6.84, p < .01). In the full model, the interaction between
comprehension measure and group condition was significant (p < .01), controlling for L1
Chinese reading ability, L2 vocabulary size and topic familiarity. In the full model, the effect of
L2 vocabulary size was also significant (p < .01); however, neither the effect of L1 Chinese
reading comprehension nor topic familiarity was significant. Model diagnostics performed using
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the testDispersion function in DHARMa package, a simulation-based test for over- and underdispersion, indicated no overdispersion or outliers.
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Table 5.4
Comparisons of Mixed-Effects Models
Fully Unconditional Model

Main Effect Model

Full Model with Interaction

(Intercept-Only Model)
Fixed Effects

Odds Ratios

CI

p

Odds Ratios

CI

p

Odds Ratios

CI

p

Intercept

1.27

1.08–1.49

0.004**

0.78

0.62-0.98

0.03**

0.95

0.72–1.24

0.70

L2 Vocabulary Size

1.01

1.00-1.02

0.04*

1.01

1.00–1.02

0.04*

L1 Chinese Reading

1.05

0.99-1.10

0.09

1.05

0.99–1.10

0.09

Topic Familiarity

1.01

0.95-1.07

0.80

1.01

0.95–1.07

0.80

Comprehension Measure

1.22

0.97-1.52

0.08

0.94

0.70–1.26

0.68

Group Condition

2.13

1.67-2.72

<0.001***

1.37

0.91–2.06

0.13

1.82

1.17–2.85

0.008**

Measure X Condition

Random Effects
σ2

3.29

3.29

3.29

τ00

0.23id

0.06id

0.06id

N

54id

54id

54id

Observations

216

216

216

Degrees of freedom

2

7

8

AIC

787.10

760.14

755.30

BIC

793.85

783.76

782.30

Likelihood ratio

-391.55

-373.07

-369.65

Model Comparisons
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Deviance

783.10

Chi-squared test

746.14

739.30

36.96***

6.84**

***p < .001 **p < .01 *p < .05
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Research Question 1: Does the effect of the questioning strategy vary by comprehension
measures (SAQs and MCQs), controlling for L1 reading ability, L2 vocabulary size and topic
familiarity?
The full model with the interaction between comprehension measure and group condition
was significantly better than the main effect model without interaction (χ² = 6.84, p < .01). Posthoc comparisons based on the full model were then analyzed using the testInteractions function
in the phia package. The significance level indicated by the p value was Holm-Bonferroni
method adjusted to control for family-wise errors. Results indicated that the Treatment group
using the questioning strategy significantly outperformed the Control group in L2 reading
comprehension measured by SAQs (χ² = 43.59, p < .001), but not MCQs (χ² = 2.26, p > .05).
Figure 5.1 illustrates L2 reading comprehension scores by comprehension measure and group
condition.
Figure 5.1
L2 English Reading Comprehension Score (Proportions Correct) by Comprehension measure
and Group

89

Research Question 2: What are L2 readers’ perception of using the questioning strategy while
reading?
Self-report data from the 5-point Likert Scale with 3 statements on the potential
interference effect revealed great variabilities in learner perception. The majority (64%)
disagreed or strongly disagreed that answering questions while reading distracted their attention
whereas 8% agreed or strongly agreed that they failed to stay focused if they had to answer
questions when reading. With regard to reading fluency, 57% disagreed or strongly disagreed
that answering questions while reading disrupted their normal speed and flow whereas 11%
agreed or strongly agreed that it slowed down their reading speed. In terms of the impact on
reading focus, a total of 50% disagreed or strongly disagreed that answering what and why
questions while reading forced them to give focused attention to textual information only related
to those specific questions. However, there were also 25% who reported negative impact on their
reading focus. Figure 5.2 illustrates the variabilities of self-perceived interference effect in
reading attention, reading fluency, and reading focus.
Figure 5.2
Self-Rated Impact of the Questioning Strategy by Rating Scale and Percentage of Total Participants
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Thematic analysis was used to uncover the themes found from learners’ open-ended
comments, given its advantages in identifying similarities and differences among the variations
in the data (Braun & Clarke, 2006). Coding processes followed the six practical phases of
thematic analysis suggested by Nowell et al. (2017). Two raters manually analyzed the
qualitative data and identified three themes associated with reader perception of using the
questioning strategy: memorizing text details, understanding main ideas, and disrupting reading
fluency. Participants reported that answering what and why questions helped them remember text
details, especially those details related to the questions they had answered. Here are two excerpts
for example:
Participant DY: “They can help me recall the memory of some important details.”
Participant JH: “I can remember some important things in the paragraph. It can let
me focus. Some key words let me focus on this information.”
In addition to the benefit of memory, participants reported that answering what and why
questions helped them identify main ideas and the structure of the reading passage. Here are two
excerpts:
Participant HY: “The questions helped me understand the main idea and logic of each
paragraph.
Participant JZ: “It helps me to find the focus of the passage. The questions also help
me find the connections of each paragraph….”
The third theme is associated with the negative effect of the questioning strategy. Most
participants mentioned that answering questions while reading disrupted their reading fluency.
Answering the questions interrupted the “completeness” of the reading passage and made it

91

difficult to connect the paragraphs in the passage. Some participants also expressed their
negative attitudes towards the use of the strategy. Here are some excerpts:
Participant WQ: “Maybe due to my reading habit, I don’t like reading with these
questions. I can not connect the paragraph and it disturbs. If I read in completeness
without questions, I would be better answering the comprehension question.”
Participant ZJ: “The questions are not good for an understanding of the passage. The
questions divided the passages into small pieces and it is hard to make connections
between them. This method does not apply to me.”
5.6 Discussion, Implications and Conclusions
Quantitative analyses revealed that the effect of the questioning strategy (answering a
combination of what and why questions) significantly varied by comprehension measure (SAQs
and MCQs), controlling for individual-level differences in L1 reading comprehension, L2
vocabulary size and topic familiarity. The questioning strategy significantly facilitated L2
reading comprehension measured by SAQs but not MCQs. The positive effect partly echoed L1
reading research supporting the facilitative role of answering what or why questions in
comprehension (Callender & McDaniel, 2007; McCrudden & Schraw, 2007; Ozgungor &
Guthrie, 2004). Failure in answering what or why questions might have pushed readers to reread
and reinspect relevant textual information through more active engagement with the texts
(Pressley et al., 1990). This re-reading and re-inspecting activity, essentially guided by the
questions, might have engaged participants in the Treatment group in a more active reading
process thus promoting comprehension. Though the Control group read each passage twice, this
re-reading process without any guidance or monitoring might not be constructive to successful
comprehension.
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Different from prior L2 research revealing no significant contribution of answering either
what or why questions, the present finding demonstrated that answering a combination of what
and why questions on concept definition and information integration simultaneously tends to
deepen the level of comprehension processing for L2 readers. Answering a combination of what
and why questions could have engaged L2 readers in reading activities of information
identification and information integration across texts, both of which are essential for
comprehension. Identifying or defining a concept only (e.g., answering a what question) might
not effectively drive L2 readers to integrate or synthesize related information. Likewise, asking
L2 readers to integrate or synthesize textual information without concept identification might be
cognitively demanding, thus weakening its facilitative effect. The finding supported the
hypothesis that, given the complexity of L2 reading comprehension, a combination of what and
why questions might be desired for any of its positive effect to occur.
To explain the positive effect on comprehension measured by SAQs, one explanation is
that the cognitive skills required to complete SAQs might resemble the cognitive processing
triggered by answering what and why questions – both involving recognizing, retrieving and
reorganizing textual information in a coherent manner (Weigle et al, 2013). Both SAQs and what
and why questions are essentially open-ended questions, and completion of open-ended questions
shares a cognitive process of “information recollection” (Ozuru at al., 2013). There could be a
match between how textual information is encoded while answering what and why questions and
how textual information is retrieved in order to complete SAQs. Another possible explanation is
memory. Participants self-reported that answering a combination of what and why questions
helped them not only locate and match specific textual information, but also memorize details
and main ideas. This could be due to the longer time participants in the Treatment group spent in
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interacting with the texts as they had to answer what and why questions while reading. Though
the Control group was asked to read the passage twice so that they could have more time
interacting with the texts, this might not be guaranteed in practice. It is possible that some
participants did not read the passages twice or read very fast for the second time. These memoryrelated benefits due to longer time interaction with the texts might have accounted for the benefit
of the questioning strategy.
The nonsignificant effect on comprehension measured by MCQs echoed Callender et al.
(2013). To successfully complete MCQs of which the answers are pre-determined, readers need
to activate their recognition processes to filter distractors. This process “provoke[s] unintended
cognitive skills” (Lim, 2019, p. 18). Research exploring and specifying these “unintended
cognitive skills” is very limited. However, it has been argued that MCQs, which force readers to
choose the one correct answer from multiple options, is not a constructive process resembling
true comprehension process (Bernhardt, 2010). The process of answering MCQs is driven by
readers’ familiarity with the words or phrases in each option and corresponding words or phrases
in the text (Ozuru at al., 2013). In other words, the cognitive skills required to answer MCQs
might not match the cognitive processing triggered by answering what and why questions.
Another issue is strategy use when responding to MCQs. The purpose of responding to MCQs is
to find a correct answer; therefore, readers usually utilize strategies such as key words matching
to achieve this goal (Cohen & Upton, 2007). The use of the strategies might have masked the
positive effect of the questioning strategy.
With regard to the controlled variables, L2 vocabulary size significantly contributed to
L2 reading comprehension, of which the finding is in line with prior research (Laufer &
Ravenhorst-Kalovski, 2010; van Zeeland & Schmitt, 2013). The contribution of L1 reading
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ability and topic familiarity, however, was not significant, which was not as expected in light of
the theories or empirical studies (e.g., Bernhardt & Kamil, 1995; Jeon & Yamashita, 2014). The
non-significant contribution of L1 reading ability could be due to the orthographic distance
between L1 Chinese and L2 English language. Most studies revealing the contribution of L1
reading ability to L2 reading comprehension were conducted between alphabetic languages from
similar scripts, with few investigating L1 and L2 languages differing in orthographic scripts
(Asfaha et al., 2009; Bernhardt, 2010). As Jeon and Yamashita’s (2014) meta-analysis indicated,
to what extent L1 literacy ability contributes to L2 reading is indeed moderated by the language
distance between L1 and L2. In this study, the substantial orthographic difference between L1
Chinese and L2 English might have restrained the contribution of L1 Chinese reading. The nonsignificant contribution of topic familiarity echoed some studies (e.g., Hammadou, 1991), but the
finding should not discredit the role of background knowledge. A good number of studies have
supported the close relationship between background knowledge and L2 reading comprehension
(McNeil, 2011). Specific to the present study, the small sample size and homogeneous
background of participants could be a possible explanation for the non-significant effect. A
larger sample size might be needed to detect any significant effect.
Participants’ self-report revealed both positive and potential interference effect of the
questioning strategy. Positive effects such as memorizing text details and understanding main
ideas are expected given the cognitive activities (e.g., information locating, searching, and
integration) involved while answering both what and why questions. More important findings are
the interference effect reported by participants. A number of participants reported that answering
what and why questions while reading had negative impact on reading fluency and reading
attention. This negative impact is highly possible given that each time when what and why
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questions appeared, readers had to stop the ongoing reading process and then to answer those
questions. Though there is no evidence showing that such learner-perceived interference effect
leads to potential decrease in comprehension, it might negatively affect learners’ motivation to
make full use of the questioning strategy. Another important aspect is that some participants
commented on how answering questions while reading challenged their reading habit and
expressed their negative attitudes towards the use of the questioning strategy. This finding might
signal possible challenges when teaching or training learners to use this strategy, given learners’
negative attitudes.
Findings hold critical implications for L2 reading strategy instruction. Strategy training
has been a key component in reading instruction to develop readers’ strategy knowledge;
however, strategy training programs usually fail to improve comprehension performance due to
the unsuccessful transfer between strategy knowledge and comprehension practices (Lenhard et
al., 2013). To catalyze this transfer, it is suggested that strategy instruction should unpack and
elucidate the relationship between cognitive processes triggered by different comprehension
strategies and cognitive skills required to complete different comprehension assessment tasks. A
condition for a certain comprehension strategy to be useful might depend on whether the
cognitive processing triggered by the strategy resembles the cognitive skills demanded for
completing a specific comprehension task. Strategy training should include explicit instruction
on the mechanism of the cognitive processing associated with different strategies. It is important
to help readers build foundational awareness that different comprehension tasks varying in
cognitive complexity measure different aspects of comprehension skills; therefore, strategy use
needs to be adjusted accordingly for specific comprehension needs. Another implication drawn
from the qualitative findings is that an understanding of how learners perceive the use of
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comprehension strategies should be strengthened. Giving individual experience using a certain
strategy, learners could develop either positive or negative attitudes towards that strategy,
regardless of its benefit. What is often ignored, however, is the attentive investigation of factors
associated with the variabilities of learners’ attitudes. It is suggested that, while teaching L2
readers to develop the awareness of strategy knowledge and use effective comprehension
strategies, an understanding of L2 readers’ perceptions of and attitudes towards these strategies
should be equally attended to. This would be invaluable for teachers to foster L2 reading
instruction through strategically teaching about “what the strategy is, why and how it should be
learned, where and when to use the strategy” as well as how to monitor strategy use and
comprehension process (Anderson, 1991, p. 470).
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Chapter 6: Answering Questions While Comprehending Chinese as a Second
Language Texts: The Interplay between Text Adjuncts and Assessment Tasks
6.1 Introduction
The ability to read in a second language (L2) is critical for adult L2 learners in the
context of globalization and technology. It expands the boundary for information retrieval and
knowledge learning only through readers’ first language (L1) (Bernhardt, 2010). The ultimate
goal of reading is comprehension, in other words, making meaning from written texts (Koda,
2005). This comprehension process, however, is cognitively demanding and involves complex
arrays of reader-, text-, and task-level variables (Bernhardt, 2010; Brantmeier, 2005; Grabe,
2009; Koda, 2005). It is even more demanding for L2 readers whose linguistic resources
available at their disposal is much more limited and even flawed when compared with L1 readers
(Koda, 2005). Research has explored effective comprehension activities (e.g., pre-, during-, and
post-reading activities) and strategies that could be used to aid L2 reading comprehension, but
with a primary focus on alphabetic languages. There is a dearth of relevant research examining
logographic languages such as L2 Chinese. Most L2 Chinese reading research has focused on
word- and sentence-level reading among bilingual Chinese-English children. Studies exploring
effective activities or strategies that could facilitate L2 Chinese reading comprehension at the
passage level among adult learners is very limited. Though some studies (e.g., Ke & Chan, 2017;
Lee-Thompson, 2008) summarized the categories of comprehension strategies utilized by L2
Chinese readers, findings might not speak to the effect of these strategies on L2 Chinese reading
comprehension. The present study aims to examine the effect of text adjuncts, a during-reading
activity in which readers answer text-related questions while reading, on L2 Chinese reading
comprehension among adult learners. This study chose to explore text adjuncts in particular
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given that during-reading activities are believed to play a significant role in monitoring
comprehension process and supporting successful comprehension (Grabe, 2009; Palinscar &
Brown, 1984). Findings will help evaluate the effect of text adjuncts for L2 Chinese reading
comprehension and provide important implications for L2 Chinese reading instruction.
6.2 Literature Review
6.2.1 L2 Reading Comprehension
Reading comprehension is a process of extracting and constructing meaning from a
written text. The Construction-Integration (CI) Theory (Kintsch & van Dijk, 1978) describes
reading as a process of constructing a coherent text representation through two stages:
construction and integration. At the construction stage, readers utilize their linguistic knowledge
to make the text into meaningful chunks for an understanding of the semantic relationships
implicitly stated in the text. At the integration stage, readers integrate all the meaningful chunks
in a coherent way for appropriate interpretation of the textual information. This integration
process is supported by the association between readers’ background knowledge and the textual
information. Grounded in the CI Theory, L2 reading comprehension has been viewed as an
individual and cognitive activity essentially involving both lower-level and higher-level
processing (Grabe, 2009; Koda, 2005). Lower-level processing is closely related to fluency
reading, including word decoding, word recognition and morphosyntactic awareness which could
become automatized while reading. An understanding of the literal meaning of a written text
relies on successful lower-level processing. This functions not only in alphabetic reading but also
syllabic reading such as Chinese (Zhang & Koda, 2012; Zhang, Koda, Leong, & Pang, 2019).
Higher-level processing is associated with text-information construction and readermodel construction (Koda, 2005). Text-information construction is a process in which readers
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analyze the semantic and pragmatic relationships in the text and then coherently extract
important information. Reader-model construction is a process when readers integrate textual
information with their background knowledge for appropriate interpretation of the text (Koda,
2005). Specifically, higher-level processing involves more complex cognitive activities such as
synthesizing textual information, making inferences, activating background knowledge, utilizing
strategic processing, applying reading strategies and monitoring comprehension. Higher-level
processing, however, might not successfully proceed without efficient lower-level processing.
Efficient lower-level processing enables readers to have enough cognitive capacity for higherlevel processing whereas deficit in lower-level processing constrains readers’ attentional
resources that can be allocated for higher-level processing (Koda, 2005). Reading
comprehension, therefore, is supported by the joint effects of lower- and higher-level skills.
Successful higher-level processing has never been straightforward or effortless for L2
readers. Though assumed to be automatically activated during comprehension, higher-level
processing is indeed passive as it is determined by readers’ background knowledge and the link
between background knowledge and textual information (Anderson, 1999; Koda, 2005). In other
words, lack of background knowledge or inability to coherently integrate textual information and
background knowledge would cause comprehension failure. To address such cases of
comprehension breakdown while reading, readers must engage in activities or strategies that help
them build up the blocks to successful higher-level processing for comprehension. Empirical
research has explored a variety of activities that could serve as those potential building blocks.
L1 reading research, for instance, has explored activities such as activating background
knowledge before reading (Dole, Valencia, Greer, & Wardrop, 1991), self-explaining during
comprehension process (McNamara, 2004; Ozuru, Briner, Kurby, & McNamara, 2013) and
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answering adjunct questions while reading (Callender & McDaniel, 2007; Ozgungor & Guthrie,
2004). L2 reading research has explored activities and strategies such as identifying text structure
(Schwartz, Mendoza, & Meyer, 2013) and summarizing main ideas after reading (Thiede &
Anderson, 2003). This study examined an area underexplored in the field L2 reading research,
namely, text adjuncts, a during-reading activity in which readers answer text-related questions
while reading. A detailed discussion on text adjuncts will be elaborated later.
6.2.2 L2 Chinese Reading Comprehension: The Complexities
L2 reading, including L2 Chinese reading, is much more complex than L1 reading. L1
reading is a monolingual process whereas L2 reading is “crosslinguistic” and entails a duallanguage system involving both L1 and L2 reading (Koda, 2005). Given this dual-language
system, L1 reading ability and L2 language knowledge are fundamentally associated with the
success of L2 reading comprehension (Bernhardt, 2010; Koda, 2005). Jeon and Yamashita’s
(2014) meta-analysis, for instance, revealed that L1 reading comprehension, L2 vocabulary
knowledge and L2 grammar knowledge were high-evidence correlates with L2 reading
comprehension. Bernhardt (2010) illustrated that L1 reading ability and L2 language knowledge
could explain about 20% and 30% of the variance in L2 reading comprehension, respectively.
Many other studies have also confirmed the close relationship between L1 and L2 reading
(Brevik, Olsen, & Hellekjær, 2016; Pichette, Segalowitz, & Connors, 2003; Yamashita; 2002),
though the magnitude of the relationship varied by L1-L2 distance. Pichette et al. (2003), for
instance, revealed that L1 Serbo-Croatian reading ability accounted for about 18% of the
variance in L2 French reading comprehension. Jiang (2011), however, showed that L1 Chinese
reading ability explained only 6% of the variance in L2 English comprehension, which could be
accounted for by the orthographic distance between L1 Chinese and L2 English. Compared with
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L1 reading ability, the contribution of L2 language knowledge to L2 reading comprehension is
even bigger (Bernhardt & Kamil, 1995; Jeon & Yamashita, 2014; Yamashita, 2002). Yamashita
(2002) found that every 1% increase in L2 English language knowledge (as indicated by
vocabulary and grammatical knowledge) was associated with 1.07% increase in L2 English
reading comprehension, of which the associated increase was higher than that of L1 Japanese
reading ability.
The aforementioned studies confirmed an important notion that, though quantitatively
different in explaining the variance in L2 reading comprehension, L1 reading ability and L2
language knowledge impact L2 reading comprehension “synchronically” (Bernhardt, 2005, p.
140). This also underlies the rationale for controlling these two variables when investigating the
effects of other reader-, text-, or task-level factors that are potentially associated with L2 reading
comprehension. With regard to L2 language knowledge, it is important to note that, though
knowledge of grammar, vocabulary, and morpho-syntactic awareness are generally identified as
major components of L2 language knowledge, measuring a comprehensive repertoire of L2
language knowledge is hard and empirical studies have operationalized L2 language knowledge
differently (Yamashita, 2002).
Specific to the present study on L2 Chinese reading comprehension, L2 Chinese language
knowledge as one of the controlled variables is primarily operationalized as L2 Chinese
morphological awareness. Morphological awareness, the skill to recognize abstract structures of
morphemes and to identify morphological composition and morpheme combinations, is
“language-specific” and “linguistically demanding and dependent” (Ke & Koda, 2017, p. 743).
The major contribution of morphological awareness is to facilitate word segmentation and thus
word meaning inferencing (Hamada, 2014). Chinese language is morphosyllabic, following
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“syllable-to-morpheme-to-character mappings” (Zhang et al., 2019). A character usually
represents a syllable which corresponds to a morpheme, for instance, a character 花 (huā) carries
the meaning of flower. Though most Chinese characters can stand alone as free morphemes, a
majority of Chinese words are compound words made of more than two characters which could
be either related or unrelated to the meaning of the word (Ke & Koda, 2017). What makes it
more challenging for L2 Chinese learners whose L1 is alphabetic is that there is no space
between characters in Chinese written texts (Shen & Jiang, 2013). As a consequence,
morphological awareness, especially the ability to accurately identify and segment morphemes in
Chinese written text, is critical. Empirical research has confirmed that Chinese morphological
awareness was significantly associated with L2 word meaning inference (Chen, 2018; Ke &
Koda, 2017; Zhang, 2016, Zhang & Koda, 2018) and passage-level reading comprehension
(Shen & Jiang, 2013; Zhang & Koda, 2014). With regard to grammatical knowledge, though it
has been argued for its important role in L2 reading comprehension (Alderson, 2000), L2
Chinese research revealed limited contribution of grammatical knowledge to L2 Chinese reading
comprehension (Zhang & Yang, 2016). Given these research findings, L2 Chinese language
knowledge in this study was primarily measured by Chinese morphological awareness.
6.2.3 Text Adjuncts and Reading Comprehension
As discussed, engaging L2 readers in activities that help them build up the blocks to
higher-level processing plays an important role in successful comprehension, especially when
comprehension breakdown occurs due to lack of background knowledge or inability to integrate
background knowledge and textual information. One potential activity could be text adjuncts.
Text adjuncts are short-answer and text-related questions interspersed throughout a reading
passage and readers are asked to answer these adjunct questions while reading. Examples of text
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adjuncts include, for instance, What questions which draw readers’ attention to specific concept
identification and Why questions which push readers to synthesize and integrate textual
information (McCrudden & Schraw, 2007). The underlying mechanism for the benefits of text
adjuncts can be summarized as follows. First, answering questions while reading is a goalorientated task; to complete this task, readers are more likely to be involved in an active
comprehension process such as searching and integrating textual information (McCrudden &
Schraw, 2007). Second, adjunct questions serve as “anchoring points” that readers could rely on
to build a mental representation of the text when higher-level processing is disrupted (Callender
& McDaniel, 2007). In L1 reading research, What questions were found to significantly improve
comprehension of an educational text, especially for lower-ability L1 readers (Callender &
McDaniel, 2007). Similarly, Why questions significantly facilitated text comprehension among
L1 readers, especially those with less background knowledge (Ozgungor & Guthrie, 2004;
Smith, Holliday, & Austin, 2010).
Importantly, the effect of text adjuncts might vary by comprehension assessment tasks in
different response format. Adjunct questions are open-ended questions and answering these
questions while reading push readers into a cognitively active process of searching and
integrating information. This cognitive process determines the way readers encode textual
information, which is more likely to benefit completion of assessment tasks that also require
corresponding skills (Ozuru et al., 2013). Such assessment tasks could be, for instance, free
written recall, short-answer questions, or sentence completion tasks that ask readers to coherently
integrate relevant textual information and construct their own responses given certain retrieval
cues (In’Nami & Koizumi, 2009; Lim, 2019; Ozuru at al., 2013). In contrast, completion of
assessment tasks such as multiple-choice questions might not be significantly benefited from text
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adjuncts. Completion of multiple-choice questions emphasizes recognition of correct answers in
the context of rich retrieval cues, and this recognition process is more associated with readers’
familiarity with the words or phrases in each multiple-choice item (Ozuru at al., 2013). This
process is less likely to be an endeavor of integrating or synthesizing textual information as
internalized while answering open-ended adjunct questions. In other words, there tends to be a
mismatch between the retrieval process of answering multiple-choice questions and the encoding
process of textual information triggered by answering adjunct questions while reading. More
empirical research, however, is desired, especially in the field of L2 reading.
Studies examining text adjuncts for L2 reading comprehension (with a focus on L2
Spanish) were few and findings regarding the effectiveness of text adjuncts were mixed.
Callender, Medina and Brantmeier (2013), and Medina, Callender, Brantmeier and Schultz
(2017) both found no significantly facilitative effect of text adjuncts (either What or Why
questions) on L2 Spanish reading comprehension at the intermediate level. Meanwhile, an effect
of assessment task was identified (Callender et al., 2013), with What questions even significantly
decreased comprehension performance measured by free written recall but not multiple-choice
questions. A recent study focusing on L2 English reading comprehension of expository texts
revealed that the effect of text adjuncts (answering both What and Why questions while reading)
significantly varied by comprehension tasks (Liu, 2020). Specifically, answering both What or
Why questions significantly facilitated L2 English reading comprehension measured by shortanswer questions but not multiple-choice questions. Liu’s (2020) study for the first time
examined the effect of answering both What and Why questions while reading. The finding
supported the notion that L2 reading is much more complex than L1 reading (Koda, 2005;
Bernhardt, 2010); text adjuncts (answering either What or Why questions) identified as an
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effective technique for L1 reading might not equally effective for L2 reading. Relevant
modifications such as answering a combination of adjunct questions targeting on different
cognitive comprehension skills are imperative to deepen the cognitive processing of L2 reading
comprehension.
6.3 Research Questions
With a focus on the effect of text adjuncts on L2 Chinese reading comprehension, this
study, in the context of the complexity of L2 reading, examined two research questions:
1. Is there any facilitative effect of text adjuncts (answering both What and Why
questions) on L2 Chinese reading comprehension, controlling for L1 reading comprehension
ability and L2 Chinese morphological awareness?
2. Does the effect of text adjuncts on L2 Chinese reading comprehension vary by
assessment tasks (free recall, sentence completion and multiple-choice questions), controlling for
L1 reading comprehension ability and L2 Chinese morphological awareness?
6.4 Method
6.4.1 Participants
Thirty-seven Chinese language learners (Nfemale = 22, Nmale = 15) between 18 to 24 years
old (Mean = 20.03, SD = 1.44) from a private university in the United States were recruited. 15
participants were native speakers of English and 22 were Chinese heritage speakers who selfreported English as their L1. 10 dollars were given to each participant to compensate for their
participation. Participants were enrolled in four levels of Chinese courses, including Intermediate
Chinese for Heritage Speakers (N = 16), Business Chinese (N = 8), Third-Level Modern Chinese
(N = 10) and Forth-Level Modern Chinese (N = 3). According to the curriculum guide at the
university where participants were recruited, students in the course Intermediate Chinese for
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Heritage Speakers had already mastered at least 800 written Chinese characters before enrolling
in the course. This course aims to improve students’ overall Chinese proficiency in four language
skills: listening, speaking, reading and writing. The course Third-Level Modern Chinese aims to
develop students’ ability to read Chinese newspapers and modern literary texts whereas the
course Forth-Level Modern Chinese focuses on improving Chinese reading ability in the field of
social sciences and humanities. The course Business Chinese is designed to improve Chinese
language skills in a variety of applied business contexts.
6.4.2 Test Batteries
L2 Chinese Reading Comprehension Test. The test (Cronbach's alpha = 0.8) was
consisted of two information-oriented Chinese reading passages written in simplified Chinese
characters. Both passages were adapted and modified from online authentic Chinese readings.
Passage One (437 characters) was about the causes and consequences of the sleep problem.
Passage Two (412 characters) was about the structure and function of the eye. Each Chinese
reading passage was followed by three comprehension assessment tasks: free recall (FR),
sentence completion (SC) and multiple-choice questions (MC) in order. The FR task, with no
retrieval cues, asked participants to write down in L1 English as much as they could remember
after reading each passage without looking back again at the passage. The FR task has been
viewed as a comprehensive measure for L2 reading comprehension (Bernhardt, 2010; Lee,
1986). The number of correct idea units recalled was scored (Alderson, 2000). There were 15
idea units in Passage One and 16 idea units in Passage Two, totaling a maximum score of 15 and
16 points for each passage, respectively. The idea units were analyzed by two experts and 100%
agreement was reached after discussion. The FR task were completed in L1 English rather than
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L2 Chinese to reduce the potential effect of “L2 recall lost” due to factors such as weaker L2
writing skills and anxiety (Vander Beken & Brysbaert, 2017).
The SC task asked participants to complete a sentence starting with very limited retrieval
cues. Two experts determined and reached an agreement on the possible correct answers. Correct
answer to each SC item was given 1 point. Partially correct answer was 0.5 point and wrong
answer was 0 point. For each passage, there were 5 SC questions, totaling a maximum score of 5
points for the SC task in each passage. Similar to the FR task, the SC task was completed in L1
English. A trained researcher scored the first SC task and FR task from a random selection of 10
samples at two different times. The reliability indicated by the Intraclass Correlation Coefficient
(ICC) was 0.92 and 0.87 for the first SA and FR task, respectively. After the reliability check, the
researcher rated the rest of the SA and FR tasks.
The MC task asked participants to select the one correct answer from four options of
which three were distractors, following the framework by Wolf (1993). 1 point was given to each
MC item correctly answered. For each passage, there were 5 MC questions, totaling a maximum
score of 5 points for the each passage. MC items covered comprehension questions measuring
abilities to, for instance, locate details in text, identify main idea, and make inferences. These
MC questions, in general, were equivalent to the SA task. For instance, in the SA task, one item
was 睡眠不足会导致肥胖，因为_______. (Lack of sleep causes obesity because______.) in
which readers were asked to complete the sentence based on the text. In the MC task, one
corresponding item was 为什么睡眠不足会导致肥胖? (Why does lack of sleep cause obesity?)
and readers chose one correct answer from four options.
Participants were randomly assigned to either a Treatment (N = 19) or a Control (N = 18)
group. While reading each Chinese passage, the Treatment group was asked to write down in L1
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English their answers to two questions (What and Why) inserted at the end of each paragraph.
There were three paragraphs in each passage, so participants answered three What and three Why
questions in total for each passage. The two questions (What and Why) inserted in each paragraph
targeted on similar concepts. For instance, participants in the Treatment group answered What
questions such as 睡眠不足的人可能会想吃哪些食物？(What kind of food do people who are
lack of sleep want to eat?) and Why questions such as 为什么睡眠不足和肥胖有关系? (Why is
there a close relationship between lack of sleep and obesity?). A fully correct answer to each
question was given 1 point, a partially correct answer was 0.5 point and a wrong answer was 0
point. On average, the Treatment group correctly answered 75.9% of What questions and 73.2%
of Why questions. The Control group read the passages without answering any adjunct questions
while reading.

L2 Chinese Morphological Awareness Task. This task, adapted from Ke and Koda (2017),
asked participants to select, from four options, a compound word whose morpheme did not share
the same meaning with the underlining morpheme in an example compound word which is
composed of two or three characters. For instance, participants were given the example compound
word 歌唱家 (singer) and four other compound words 画家 (painter), 作家 (writer), 艺术家
(artist), and 朋友家 (friend’s house). In all these words, the morpheme 家 was underlined.
Participants were expected to choose 朋友 家 (friend’s house) as the morpheme 家 in this
compound word means house, rather an indicator of person or occupation as in other compound
words. There were 12 items in this task. One point was given for each item correctly selected. The
reliability of this task indicated by Cronbach's alpha was 0.68.
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L1 English Reading Comprehension Test. The test was consisted of a 340-word English
expository text entitled Is English Degenerating? from Brantmeier, Hammadou Sullivan and
Strube (2014). This passage discussed whether English language has degenerated into a sloppy
and ungrammatical language. The passage was followed by 10 MC items. Correct answer to each
item was given 1 point. This L1 English reading comprehension test was used in several studies
and proved to be of high reliability. Similar to L2 Chinese reading comprehension test,
participants were asked to not look back at the reading passage when completing this English
reading comprehension test.
6.5 Data Analysis and Results
This study involves both between- and within-subject designs and data analysis was
conducted using mixed models involving both fixed and random effects. There were four
independent variables (text adjuncts, comprehension assessment tasks, L1 English reading
comprehension ability and L2 Chinese morphological awareness) and one dependent variable
(L2 Chinese reading comprehension). Text adjuncts (Treatment and Control) was a betweensubject design. Comprehension tasks (FR, SC and MC) was a within-subject design. Text
adjuncts and comprehension tasks were both categorical variables and dummy coded in the
mixed-effects models. L1 English reading ability and L2 Chinese morphological awareness were
continuous variable and grand-mean centered by subtracting the overall mean of each predictor
from each participant’s score. The dependent variable of L2 Chinese reading comprehension was
composed of scores for three comprehension tasks (FR, SC and MC) for each of the two
passages nested within each participant. This nest structure had a total of 221 observations for
the dependent variable, after excluding one missing data for the FR task in Passage Two
(Participant ID = 3). The comprehension score for each comprehension task (FR, SC and MC)
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were reported as the proportions correct. Given the range of the dependent variable, generalized
mixed-effects models were thus built using the glmer function with the logit link in the lme4
package in R statistical software (version 1.2.1335).
Table 6.1 illustrates descriptive statistics (means and standard deviations) by passage and
group (Treatment and Control) for each variable, including comprehension scores (proportions
correct) by task (FR, SC, and MC), raw scores of L1 English reading comprehension and L2
Chinese morphological awareness. The Pearson correlation coefficient between the two
continuous independent variables (L1 English reading ability and L2 Chinese morphological
awareness) was .72 (p < .01, 95% CI [.51, .85]). Figure 6.1 shows the variability of L2 Chinese
reading comprehension scores observed by comprehension task, reading passage and group.
Table 6.1
Descriptive Statistics by Comprehension Task, Reading Passage and Group Condition
Mean (Standard Deviation)
Treatment

Control

Whole Sample

(N=19)

(N=18)

(N=37)

L1 English Reading

8.21 (3.03)

8.94 (2.36)

8.57 (2.71)

L2 Chinese Morphological Awareness

7.05 (3.24)

7.06 (3.21)

7.05 (3.18)

Passage 1 FR

0.44(0.13)

0.36(0.15)

0.40(0.14)

Passage 2 FR

0.41(0.19)

0.34(0.18)

0.37(0.19)

Passage 1 SC

0.66(0.20)

0.47(0.24)

0.56(0.24)

Passage 2 SC

0.73(0.28)

0.56(0.30)

0.65(0.30)

Passage 1 MC

0.79(0.22)

0.76(0.25)

0.77(0.23)

Passage 2 MC

0.65(0.27)

0.69(0.22)

0.67(0.25)

Variables

Note. Means for FR, SC, and MC were reported as proportions correct.

117

Figure 6.1
Variability of L2 Chinese Reading Comprehension Scores Observed by Comprehension Task,
Reading Passage and Group Condition

To answer the research questions, four generalized mixed-effects models were built.
Model 1 (the fully unconditional model) specified random intercepts for participants, allowing
the mean to vary for each participant. Model 2 added the main effects of the group condition
(Treatment vs. Control), controlling for the effects of the two individual-level continuous
variables (L1 English reading comprehension and L2 Chinese morphological awareness). Model
comparison based on maximum likelihood estimation revealed that Model 2 was not
significantly better than the baseline model (χ² = 2.95, p < .05). Model 3 added the main effect of
assessment task, and model comparison revealed that Model 3 had a significantly better fit than
Model 2 (χ² = 162.04, p < .001). Model 4, the full model, added the interaction between
assessment task and group condition to test their interaction effect, controlling for L1 English
reading comprehension and L2 Chinese morphological awareness. Model comparison indicated
that Model 4, the full model with the interaction effect, was significantly better than Model 3 (χ²
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= 9.11, p < .05). Model diagnostics indicated that assumptions for linearity, homogeneity of
variance, normality of residuals were met. Over- or under-dispersion was also not identified.
Table 6.2 summarizes specifications, results and comparisons of the four models. Figure 6.2
illustrates the estimates (odds ratios) and robust standard errors of the fixed factors in each
model.
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Table 6.2
Specifications, Results and Comparisons of the Mixed-Effects Models
Model 1
Odds
Fixed Effects

CI

Model 2
p

Ratios

Odds

CI

Model 3
p

Ratios

CI

p

Ratios

Odds

CI

p

Ratios

0.83

0.64 – 1.07

0.14

0.50

0.38 – 0.68 <0.001***

0.52

0.38 – 0.71 <0.001***

L1 English Reading

0.94

0.85 – 1.03

0.18

0.93

0.83 – 1.03

0.15

0.92

0.83 – 1.03

0.15

L2 Chinese MA

1.12

1.03 – 1.21

0.01*

1.13

1.03 – 1.24

0.007**

1.13

1.04 – 1.24

0.007**

Group [T]

1.38

0.96 – 1.97

0.08

1.40

0.94 – 2.07

0.10

1.32

0.86 – 2.02

0.20

Task [MC]

4.68

3.58 – 6.11 <0.001***

5.60

3.80 – 8.24 <0.001***

Task [SC]

2.59

2.02 – 3.32 <0.001***

1.92

1.35 – 2.74 <0.001***

Task [MC] X Group [T]

0.70

0.41 – 1.19

0.19

Task [SC] X Group [T]

1.83

1.10 – 3.03

0.02*

(Intercept)

0.98

0.80 – 1.19

Odds

Model 4

0.81

Random Effects
σ2

3.29

3.29

3.29

3.29

τ00

0.31 id

0.21 id

0.27 id

0.27 id

N

37 id

37 id

37 id

37 id

Observations

221

221

221

221

Degrees of Freedom

2

5

7

9

AIC

931.56

927.27

769.23

764.11

Model Comparisons
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BIC

938.36

944.26

793.01

794.69

Loglikelihood

-463.78

-458.64

-377.61

-373.05

Deviance

927.56

917.27

755.23

746.11

2.95

162.04***

9.11*

Chi Square

Note. FR = Free Recall. SC = Sentence Completion. MC = Multiple-Choice Questions. T = Treatment Group. MA = Morphological Awareness
*** p < .001. **p < .01. *p < .05
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RQ1. Is there any facilitative effect of text adjuncts (answering both What and Why questions) on
L2 Chinese reading comprehension, controlling for L1 reading ability and L2 Chinese
morphological awareness?
Based on Model 2, the main effect of the group condition was not significant (p > 0.05),
controlling for the effect of L1 English reading comprehension and L2 Chinese morphological
awareness. Follow-up comparison confirmed that there was no significant mean difference
between the Treatment and Control group with regard to L2 Chinese reading comprehension
(p > .05, 95% CI [-0.04, 0.68]). In other words, using text adjuncts did not significantly facilitate
L2 Chinese reading comprehension, controlling for L1 reading comprehension and L2 Chinese
morphological awareness.
RQ2. Does the effect of text adjuncts on L2 Chinese reading comprehension vary by assessment
tasks different in response format (free recall, sentence completion and multiple-choice
questions), controlling for L1 reading comprehension ability and L2 Chinese morphological
awareness?
Model 4 with the interaction effect between group condition and assessment task was
significantly better than Model 3 without the interaction (χ² = 9.11, p < .05). Multiple
comparisons were then conducted using the glht function to estimate the mean difference among
a combination of group condition and assessment task. The significance of the mean difference
indicated by p values was adjusted by the Holm-Bonferroni method which controls for
familywise error rates. Multiple comparisons revealed a significant mean difference between the
Treatment and Control Group (p < .05, 95% CI [0.32, 1.44]) in the SC task, with the Treatment
group outperforming the Control. No significant mean difference was found in the FR task
(p > .05, 95% CI [-0.15, 0.70]) or the MC task (p > .05, 95% CI [-0.67, 0.50]) between the two
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groups. In summary, the effect of text adjuncts on L2 Chinese reading comprehension
significantly varied by assessment task varying in response format, controlling for L1 English
reading comprehension and L2 Chinese morphological awareness. Text adjuncts significantly
facilitated L2 Chinese reading comprehension measured by the SC task. Table 6.3. summarizes
the predicted proportions correct for L2 Chinese reading comprehension by group and task.
Table 6.3
Predicted L2 Chinese Reading Comprehension Score (Proportions Correct) by Group Condition
and Assessment Task
FR

SC

MC

Predicted Proportions Correct
Treatment

Control

0.41 (0.04)

0.71 (0.04)

0.73 (0.04)

[0.34, 0.48]

[0.62, 0.78]

[0.64, 0.80]

0.34 (0.03)

0.50 (0.05)

0.75 (0.04)

[0.28, 0.41]

[0.41, 0.60]

[0.66, 0.82]

Note. Standard error in parentheses. 95% confidence interval in brackets
6.6 Discussion and Implications
6.6.1 Summary of Findings
This study examined the effects of text adjuncts (answering What and Why questions
while reading) on L2 Chinese reading comprehension. In the context of the complexity of L2
reading comprehension and unique features of Chinese language, findings revealed that text
adjuncts did not significantly facilitate L2 Chinese reading comprehension of two informationoriented texts, controlling for L1 English reading comprehension and L2 Chinese morphological
awareness. However, an important finding is that comprehension assessment tasks significantly
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moderated the effect of text adjuncts. Text adjuncts significantly facilitated L2 Chinese reading
comprehension measured by the sentence completion task, but not the free written recall task or
multiple-choice questions, controlling for L1 reading comprehension and L2 Chinese
morphological awareness. Meanwhile, L2 Chinese morphological awareness remained to be a
significant predictor of L2 Chinese reading comprehension. L1 English reading comprehension,
however, was not a significant predictor of L2 Chinese reading comprehension.
6.6.2 Text Adjuncts and Comprehension Assessment Tasks
The interaction between text adjuncts and comprehension assessment tasks identified in
the present study partly confirmed the assumption that text adjuncts tend to benefit completion of
comprehension tasks that are open-ended questions such as sentence completion. It also echoed
Liu’s (2020) study revealing that text adjuncts significantly facilitated L2 English reading
comprehension measured by short-answer questions. Text adjuncts (answering What and Why
questions while reading) and the sentence completion task are both open-ended questions which
require readers to construct their responses given certain retrieval cues. With certain retrieval
cues, performance on open-ended questions is a reflection of “information recollection” (Ozuru
at al., 2013). The process of encoding textual information triggered by text adjuncts resembles
the retrieval process required to successfully complete the sentence completion task. In contrast,
assessment tasks such as multiple-choice questions require readers to activate their recognition
process to filter distractors. It is a reflection of “information familiarity” because there are more
retrieval cues to rely on when identifying which option is correct (Ozuru at al., 2013). If familiar
with the words or phrases in the retrieval cues and corresponding words or phrases in the text
itself, readers will have a better chance to select the correct answer. This process did not
resemble the process of how readers had cognitively encoded the text while reading. The
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mismatch between “information recollection” and “information familiarity” could have possibly
account for the non-facilitative effect on multiple-choice questions.
Similar to the sentence completion task, free written recall is also a task requiring readers
to construct their responses; however, no facilitative effect on the free written recall task was
found. There are two possible explanations. The first one is related to the cognitive complexity
of the free recall task. This task requires comprehension and production at the same time with no
retrieval cues, which could be cognitively demanding for L2 readers. Empirical studies have
provided evidence showing that L2 readers usually performed significantly lower in assessment
tasks requiring learner-generated responses than those recognition tasks (Lim, 2019; Shohamy,
1984; Wolf, 1993). Given the cognitive complexity of the free recall task, the role of text
adjuncts might be limited. The second explanation is related to L2 readers’ familiarity and
experience with the free recall task. Though free recall has been recommended as an alternative
assessment task to measure L2 reading comprehension (Bernhardt, 2010; Brantmeier et al.,
2012), it has not been widely used in practice for concerns such as scoring complexity. Most L2
learners might not be familiar with the format of free written recall which asks them to write
down everything they could remember immediately after reading a text. When completing the
task, participants could have important questions, for instance, should the recall be a summary of
main ideas or a collection of all the details? Should the recall be well organized like an essay or
loosely structured using bullet points? Johnston (1983) also pointed out several practical
questions such as where to start the recall and from whose perspective to present the recall.
These concerns were confirmed when looking at the written recall by participants in the present
study. The responses varied in format, structure, tone, and information orientation. It is possible
that text adjuncts might have had positive effect on the free recall task, but participants’
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unfamiliarity to responding to the task had masked the benefit.
6.6.3 Text Adjuncts and Comprehension Processes
Prior studies examining the effect of text adjuncts on L2 reading comprehension followed
relevant L1 reading research designs in which readers were asked to answer either What or Why
questions while reading, but no facilitative effect was revealed. The present study modified the
design of text adjuncts to include both What and Why questions, each of which aims to facilitate
reading comprehension by activating different cognitive processes essential for successful
comprehension. With this design, facilitative effect on L2 reading comprehension was found for
the sentence completion task. The finding resonates Li and D’angelo’s (2015) argument that, to
facilitate higher-level processing of L2 reading comprehension, engaging in both literal and
inferential questions related to the text while reading is needed. What questions guide readers to
identify and locate specific concept or idea without too much effort on information integration
whereas Why questions engage readers in cognitive activities of information integration and
inference making. In other words, What and Why questions were mapped onto both the literal
and inferential questions. However, the current finding could not speak to whether a combination
of What and Why questions would be effective than either What or Why questions. The finding
only revealed that answering a combination of What and Why questions while reading
significantly facilitated L2 Chinese reading comprehension of informational texts measured by
sentence completion tasks.
6.6.4 Implications for L2 Chinese Reading Instruction
The finding that text adjuncts significantly facilitated L2 Chinese reading comprehension
measured by sentence completion tasks has important implications for L2 Chinese reading
instruction. Sentence completion tasks are open-ended comprehension tasks with certain retrieval
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cues; the cognitive processes for completing such tasks resemble the comprehension processes
for authentic literacy activities (Weigle, Yang, & Montee, 2013). The benefit of text adjuncts on
the sentence completion task, therefore, underlines the role of asking and answering questions in
authentic L2 Chinese reading activities. Important implications can be drawn for developing a
comprehension- and strategy-based L2 Chinese reading instruction that helps readers develop the
skills, knowledge, and strategies that can be applied in a variety of authentic literacy activities to
remedy comprehension failure (Grabe, 2009; Palincsar & Brown, 1984). One critical component,
therefor, is to develop readers’ ability to ask questions while reading independently so that they
can strategically monitor their comprehension process (Palincsar & Brown, 1984). Though
research have heightened the importance of asking questions to support comprehension,
discussion about what kind of questions is effective and helpful is indeed limited or lacks support
from empirical evidence. Given the present finding, it is suggested that both literal and
inferential questions should be attended to; in other words, the questions to ask while reading
should engage L2 readers in two levels of cognitive activities: identifying and locating specific
ideas as well as integrating and synthesizing textual information. With such instruction and
training to monitor and foster comprehension, L2 readers are more likely to develop as
independent readers with a comprehensive strategy toolkit at disposal.
The implication for a comprehension- and strategy-based reading curriculum helps
address problems in current practices of L2 Chinese reading instruction characterized by what
Anderson (1999) called a “comprehension-testing model”. In current L2 Chinese reading
instruction, teachers usually utilize a bottom-up approach to teach reading, emphasize word-level
translation for comprehension, and regard comprehension teaching as similar to comprehension
testing. The problem of such practices has been partly identified by empirical studies revealing
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that L2 Chinese readers heavily rely on local strategies for reading comprehension. Ke and Chan
(2017) and Lee-Thompson (2008), for instance, found that L2 Chinese learners frequently used
local strategies such as character decoding, rereading, translating, or writing a pinyin and/or
English equivalent, with much less use of global strategies such as hypothesizing and monitoring
comprehension. There needs a shift from instruction of decoding skills to a comprehension- and
strategy-based L2 Chinese reading instruction. L2 Chinese readers need to develop
comprehension skills and strategies through a comprehension- and strategy-based reading
instruction. Noteworthy, though the implication stresses the need to teach higher-level
processing skills, it does not imply that lower-level instruction of word decoding skills is not
necessary. As the present finding demonstrated, L2 Chinese morphological awareness was a
significant predictor of L2 Chinese reading comprehension, indicating the need for instruction
that helps L2 readers develop lower-level reading skills.
6.7 Conclusions and Limitations
To conclude, this study revealed that the effect of text adjuncts (answering What and Why
questions while reading) on L2 Chinese reading comprehension significantly varied by
comprehension tasks different in response format and cognitive complexity, controlling for L1
English reading comprehension, L2 language knowledge and the random effect of individuals.
Text adjuncts significantly facilitated L2 Chinese reading comprehension measured by sentence
completion tasks in which readers constructed their responses based on limited retrieval cues.
This study has two major contributions. First, it provides an effective technique that can be used
to support higher-level processing of L2 Chinese reading comprehension. This has important
implications for developing a comprehension- and strategy-based L2 Chinese reading
instruction. Second, by utilizing mixed-effects models which is “a powerful tool for the analysis
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of a variety of types of second language acquisition data” (Cunnings, 2012, p. 369), this study
helps generalize current findings to a bigger population of L2 Chinese readers. To reiterate, L2
reading comprehension is a complex construct and affected by numerous reader-, text-, and tasklevel variables but most of these variables were not statistically modeled in the present study.
Though controlling for the effect of L1 reading comprehension and L2 language knowledge, this
study is not to downplay other important variables associated with successful L2 reading
comprehension.
Several limitations should be noted. First, participants in the present study were nativeEnglish speakers or Chinese heritage speakers who self-reported English as their first language;
therefore, generalizations to L2 Chinese readers whose first language is not English should be
cautious. It is worthwhile to examine whether or not similar results might apply to L2 Chinese
readers from other L1 backgrounds. Second, L2 Chinese language knowledge in the present
study was operationalized as Chinese morphological awareness. Though morphological
awareness has been found to be crucial in L2 Chinese reading, it is not a full repertoire of L2
Chinese language knowledge. Whether the effect of text adjuncts might remain in the context of
a full repertoire of L2 Chinese language knowledge needs to be further explored.
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Chapter 7: Discussion, Implications and Conclusions
7.1 Summary of Findings
This dissertation research, comprised of three empirical studies examines the potential to
utilize text adjuncts, namely, comprehension questioning strategy, to facilitate L2 reading
comprehension of expository texts among adult language learners. In the first study, 78 Chinese
learners of English were randomly assigned into three text adjuncts conditions (What, Why,
Example Generation) and one control condition (no text adjuncts). All participants completed a
L2 English Reading Comprehension Test and a L1 Chinese Reading Comprehension Test.
Mixed-effects models revealed that the benefits of text adjuncts significantly varied by types of
adjunct questions. In the sentence completion task, performance in Why question group and
Example Generation group was significantly higher than the Control group. No significant
difference in comprehension performance measured by the free recall task or multiple-choice
questions between any groups.
In the second study, a total of 54 Chinese learners of English were randomly assigned
into a Treatment and Control group. The Treatment group utilized the comprehension
questioning strategy (answering a combination of What and Why questions) whereas the Control
group did not answer any question. Mixed-effects modeling analyses revealed a significant
interaction between the questioning strategy and comprehension measure, controlling for
individual-level differences in first language (L1) reading ability, L2 vocabulary size and topic
familiarity. Using the questioning strategy significantly facilitated comprehension measured by
short-answer questions but not multiple-choice questions. Qualitative analysis revealed three
themes regarding L2 readers’ perception of the questioning strategy: memorizing text details,
understanding main ideas, and disrupting the reading process.
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The third study focuses on L2 Chinese reading comprehension. A total of 37 L2 Chinese
learners in the United States were randomly assigned into a Treatment and a Control group. The
Treatment group utilized the comprehension questioning strategy (answering a combination of
What and Why questions) whereas the Control group did not answer any question. Generalized
mixed-effects modeling analyses revealed no significant main effect of text adjuncts, controlling
for L1 reading comprehension ability and L2 Chinese language knowledge. However, a
significant interaction between text adjuncts and comprehension tasks was identified. Text
adjuncts significantly facilitated L2 Chinese reading comprehension measured by a sentence
completion task, but not with free written recall task or multiple-choice questions.
Across all the three studies, the effect of text adjuncts was found to significantly vary by
comprehension assessment tasks while controlling for the effect of L1 literacy ability, L2
language knowledge and/or background knowledge. Significant facilitative effect was found for
comprehension when measured by sentence completion tasks (e.g., the first and third study) or
short-answer questions (e.g., the second study), both of which are open-ended questions with
limited retrieval cues. However, no facilitative effect was found for comprehension measured by
the free recall tasks and multiple-choice questions across the three studies, regardless of the
target language (L2 English and L2 Chinese). In addition, across the three studies, the effect of
L1 reading ability on L2 reading comprehension was found to be nonsignificant, whereas L2
language knowledge was found to be a significant predictor for L2 reading comprehension.
7.2 Overarching Discussion
The findings across the three studies highlight important issues regarding L2 reading that
need to be iterated, including 1) reading comprehension and comprehension tasks, 2) L1 reading
and L2 language knowledge, and 3) the complexity of L2 reading comprehension.
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Reading comprehension and comprehension tasks. The positive effect on L2 reading
comprehension as measured by open-ended questions with limited retrieval cues (e.g., sentence
completion tasks and short-answer questions) implies that the cognitive processing for answering
text adjuncts questions might resemble that of the skills needed to successfully answer openended questions. Text adjunct questions ask reads to identify, synthesize and integrate textual
information so to build a coherent mental representation for successful comprehension.
Similarly, successfully answering open-ended questions requires the abilities to identify,
synthesize and integrate textual information giving the limited retrieval cues. It is a reflection of
“information recollection” in a coherent way which depends on the extent to which readers
comprehend the text (Ozuru, Briner, Kurby, & McNamara, 2013). In contrast, successfully
answering multiple-choice questions, which have more retrieval cues, is a reflection of
“information familiarity”. Familiarity to the retrieval cues helps readers identify which item is
correct (Ozuru et al., 2013).
The non-significant effect on multiple-choice questions identified in this dissertation
echoed prior research on which this dissertation is built (Brantmeier, Callender, & McDaniel,
2011; Brantmeier, Callender, Yu, & McDaniel, 2012; Brantmeier, Hammadou-Sullivan, &
Strube, 2014; Medina, Callender, Brantmeier & Schultz, 2017; Callender, Medina, &
Brantemier, 2013). In prior research, the facilitative role of text adjuncts (either What or Why
adjuncts) was not identified for L2 reading comprehension measured by multiple-choice
questions, controlling for important variables such as L1 reading ability, L2 proficiency level,
background knowledge or working memory. This dissertation, supported by three empirical
studies, added more evidence that there is no facilitative effect of text adjuncts on L2 reading
comprehension measured by multiple-choice questions. However, this dissertation found that
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text adjuncts significantly facilitated L2 reading comprehension measured short-answer
questions and sentence completion tasks. This finding does not echo prior research (e.g.,
Brantmeier et al., 2014; Medina et al., 2017) revealing no significant effect of text adjuncts on
L2 reading comprehension measured by sentence completion tasks. The positive effect identified
in this dissertation could be due to the way how text adjuncts were manipulated. In this
dissertation, particularly the two studies presented in Chapter 5 and 6, L2 readers were asked to
answer a combination of text adjuncts (What and Why questions) while reading whereas in prior
studies L2 readers answered either What or Why questions. Corresponding positive results of
answering a combination of text adjuncts (What and Why questions) imply the difference
between L1 and L2 reading; comprehension techniques or treatment that contribute to L1 reading
might not be equally contributive to L2 reading. As Brantmeier et al. (2013, 2014) highlighted,
given the essential differences between L1 and L2 reading, there needs more investigation on
how text adjuncts could be effectively used to deepen the level of L2 comprehension processing
and support L2 reading comprehension. This dissertation has provided one possible alternative –
engaging L2 readers in considering and answering a combination of different types of text
adjuncts to deepen the level of comprehension.
With regard to the free written recall task, the finding if its non-significant role identified
in this dissertation also echoed prior L2 reading research (e.g., Brantmeier et al., 2011, 2012,
2014; Medina et al., 2017; Callender et al., 2013). In Callender et al. (2013), text adjuncts even
led to decreased performance in free recall task. Brantmeier et al., (2011, 2012) and Medina et al.
(2017) have explained this non-significant effect by arguing that the framework of materialsappropriate processing in L1 reading research is not fully applicable to L2 reading given the
complexity of L2 reading. In addition, this dissertation offers two alternative explanations. In
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free written recall task, there is no retrieval cue expect for asking readers to recall and write
down as much as they could remember about the reading passage. Free recall task requires much
more reconstruction of textual information and could be more cognitively complex than other
comprehension tasks. Carlisle (1999) underscored the complexity and summarized that, to
successfully complete free recall task, readers have to “understand and store the information and
be able to retrieve it on demand” and “decide on a starting point and a path through the
information” (p. 12). In addition, readers have to “decide on a perspective from which to present
the recall” (Carlisle, 1999, p. 12). Research also revealed that success of recall is closely related
to by readers’ background knowledge (Stanovich, 1986) and knowledge of the text structure
(Roller, 1990). These complexities of free written recall task could have masked the positive
effect of text adjuncts for comprehension.
Another explanation is about readers’ motivation to “play the game” (Carlisle, 1999, p.
12). Across the three studies in this dissertation research, a number of participants did not
produce any responses to the free recall tasks or produce very limited words or phrases for the
tasks; however, sentence completion tasks, short-answer questions and multiple-choice questions
were actively responded with few missing data. This to some extent indicates that students’
motivation to complete free written recall, in other words, to write down as much as they could
remember about the reading passage, is somewhat low. This could be particularly true in the
research context in which task incompletion did not cause any consequences for participants, not
like the high-stake testing situations. No response and very limited responses to the free recall
tasks as identified in the studies could also have masked the positive effect of text adjuncts.
Role of L1 reading and L2 language knowledge. Across the three studies, L1 reading
ability was found to be a nonsignificant predictor for L2 reading comprehension whereas L2
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language knowledge (e.g., vocabulary knowledge and grammatical knowledge) was found to be
a significant predictor for L2 reading comprehension. The significant effect of L2 language
knowledge identified echoed prior research and added more evidence to support the importance
of developing L2 language knowledge in order to improve L2 reading comprehension ability.
The nonsignificant effect of L1 reading ability identified, however, did not echo the theoretical
and a number of empirical studies which stressed the role of L1 reading ability in L2 reading
comprehension. Two possible explanations are worth mentioning. First, the languages involved
in the three studies are Chinese and English language. Participants are either L1 Chinesespeaking students learning L2 English or L1 English-speaking students learning L2 Chinese.
English language is alphabetic whereas Chinese language is syllabic; the distance between
English and Chinese language might have accounted for the non-significant effect of L1 reading
ability in L2 reading comprehension, echoing a number of empirical studies which emphasized
nuanced consideration of L1-L2 language distance in the relationship between L1 reading ability
in L2 reading comprehension. Jiang (2011), for instance, revealed that the contribution of L1
Chinese reading ability to L2 English reading comprehension was very limited and offered
explanation via Koda’s (2005) notions about the mechanism of cross-linguistic constraints. The
second explanation for the nonsignificant effect of L1 reading ability could be accounted for by
the homogeneity of the sample in each study. Participants in each study had relatively
homogenous features in, for instance, age, educational background, and learning experience. The
homogeneity of the sample might have weakened the effect of L1 reading ability on L2 reading
comprehension. A third explanation could be related to participants’ L2 proficiency level. All the
participants were at the college level and their proficiency level may be more advanced than
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expected. As L2 proficiency level increases, the role of L1 reading ability in L2 reading could
decrease (Bernhardt, 2010).
Complexity of L2 reading comprehension. Findings of this dissertation research has
revealed the complexity of L2 reading comprehension, for instance, comprehension performance
significantly varied by assessment tasks varying in response format and cognitive activity, the
relationship between L1 reading ability and L2 reading comprehension might not as
straightforward as expected, and effectiveness of comprehension techniques or strategies might
need to be analyzed with nuances. Findings echo scholars such as Bernhardt (2010), Brantmeier
(2005), Brevik et al. (2016), Grabe (2009), Koda (2005) who have noted that L2 reading
comprehension is a multi-faceted construct and much more complex than L1 reading. L2 reading
comprehension is a joint effect of a variety of linguistic, non-linguistic and cognitive factors. It is
affected by text-, reader- and task-level variables and the interaction among them. For some time
now, Brantmeier (2003; 2005) and Brantmeier, Hammadou-Sullivan, & Strube (2014) contends
that level of instruction and stage of acquisition need to be considered when discussing a profile
of a successful L2 language reader, in addition to the factors mentioned in this dissertation.
Given the complexity, it should be noted that variables included and examined in this
dissertation research should not be regarded as the only variables that associated with L2 reading
comprehension. Though this dissertation has captured the key factors highlighted by theories and
empirical research, there are many other factors that are not modeled. Factors that are not models
should not be assumed to be unimportant, for instance, reader-level variables such as L2 learning
motivation, reading anxiety, and working memory, and text-level variables such as text structure
and text coherence. This dissertation does not include the analyses of these factors, but this is not
to downplay the importance of any of these variables. L2 reading comprehension, again, is a
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complex construct and should not be assumed to be developed in a linear fashion associated with
any single factor.
In summary, in the first study examining L2 English reading, the effect of text adjuncts
varied by types of adjunct questions, assessment tasks, and L1 reading ability. In the second
study which also examined L2 English reading, the facilitative effect of text adjuncts
significantly varied by assessment tasks, controlling for L1 reading ability, L2 language
knowledge and background knowledge. L2 language knowledge was found to be a significant
predictor of L2 reading comprehension in the context of the use of text adjuncts. In the third
study which focused on L2 Chinese reading, similar to prior two studies, a significant interaction
between text adjuncts and assessment tasks was identified. Meanwhile, L2 Chinese language
knowledge was a significant predictor of L2 Chinese reading comprehension in the context of the
use of text adjuncts. Findings across the three studies revealed the facilitative role of text
adjuncts for L2 reading comprehension measured by open-ended questions, and highlighted the
effect of comprehension tasks, L1 reading ability, L2 language knowledge and background
knowledge on L2 reading comprehension. These findings have provided more empirical
evidence supporting the complexity of L2 reading comprehension.
7.3 Implications and Future Research Directions
Findings of this dissertation have important implications for L2 reading. As discussed in
the Introduction chapter, current L2 reading instruction is featured by the teaching of lower-level
skills (Koda, 2010), with a focus on practices such as drills for vocabulary and grammar
knowledge, word-level translation, or teaching of vocabulary lists. Lower-level skills are
essential to L2 reading comprehension (Bernhardt, 2010; Grabe, 2009; Koda, 2005; Nassaji,
2003), which is echoed by the significant effect of L2 language knowledge in the studies in this

142

dissertation. Lower-level skills, however, could not ensure successful comprehension. A
comprehension reading instruction should integrate teaching of both lower- and higher-level
skills (Stoller, Anderson, Grabe, & Komiyama, 2013). The positive effect of text adjuncts
identified provides a vehicle for teaching and developing higher-level comprehension skills. Text
adjuncts, which are essentially asking readers to consider important questions related to the text,
engage readers in comprehension through an active process of searching, integrating and
synthesizing textual information. Instead of viewing comprehension as a passive skill developed
by readers themselves and downplaying the role of comprehension instruction, L2 instructors
could easily integrate the technique of asking and answering questions in comprehension
instruction through either whole-class or group activities. Providing comprehension instruction
holds critical values as L2 instructors, during this instructional process, are actually modeling to
L2 readers the essential blocks towards successful comprehension. L2 instructors could also
explicitly train students to apply techniques such as self-asking relevant questions related to
textual information when there is a breakdown while comprehending a text. Scholars such as
McNeil (2011) and Ajideh (2003) have revealed the importance of asking questions for
comprehension, and this dissertation provides more information to L2 instructors about what
types of questions might have more facilitative effect on comprehension.
Building on prior research with text adjuncts in L2 reading (Brantmeier, Callender, &
McDaniel, 2011; Brantmeier, Callender, Yu, & McDaniel, 2012; Brantmeier et al., 2014;
Medina, Callender, Brantmeier & Schultz, 2017; Callender, Medina, & Brantemier, 2013), this
dissertation explores the potential to use text adjuncts for L2 reading comprehension by
considering the effect of L1 reading ability, L2 language knowledge and background knowledge.
Building from current findings, it is important for future research to examine three critical
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questions. First, the mechanism that underlies different types of adjunct questions. In the first
study, positive effects of Why questions and Example Generation were identified but there were
no positive effects of What questions. What mechanisms might account for the differential
effects? This dissertation has revealed the differential effects and proposed the possible
explanations but could not substantially speak to the underlying mechanisms. Second, the effect
of working memory on the use of adjunct questions and L2 reading comprehension. As discussed
previously, L2 reading comprehension is a multi-faceted construct and there are factors that are
not modeled in this dissertation. One important factor is working memory. Adjunct questions
aim to engage readers in an active comprehension process through cognitive activities such as
searching, integrating and synthesizing textual information. How does this process interact with
readers’ working memory? Is there any differential effect between readers with good working
memory and those with poor working memory? The only study that examined this issue is
conducted by Medina et al. (2017). Working memory was found to interact with text adjuncts,
with greater working memory capacity associated with more benefits of text adjuncts. This issue
is worth further investigating given that qualitative analyses of reader perception in this
dissertation revealed memory-related benefits of using text adjuncts while reading. The study by
Medina et al. (2017) has laid a good foundation for relevant research for future direction. Last,
future research is needed to explore effective ways to train L2 readers to ask questions to
facilitate their comprehension process. Text adjuncts are questions that have been pre-designed
for readers to consider while reading; equally important is to train L2 readers to self-ask effective
questions to address comprehension breakdowns that could be highly individualized. Findings of
this dissertation have laid a good foundation for such training in terms of what kinds of questions
could be more effective to serve this purpose.
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Appendix A
Demographic Information
1.

Name: __________

2.

Age: _________

3.

Gender: Male_____ Female____

4.

How many years have you been studying English: ___________

5.

Have you ever spent at least a total of 3 months in an English-speaking country?
yes _____ no _____

6.

How would you rate your enjoyment with English learning? (Please circle your choice
below)
1

Not Enjoy at All
7.

2
Not Enjoy

3
Somewhat Enjoy

4
Very Enjoy

5
Really Enjoy

Why are you studying English?

_____________________________________________________________________
8.

How would you rate your English proficiency? (Please circle your choice below)
Novice _____
Intermediate _____
Advanced _____
Superior (Native-like) _____
Distinguished (Native) ______
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